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(54) TiUe: MASS SPECTROMETRIC IMMUNOASSAY 
(57) Abstract 

Rapid mass spectrometric immunoassay methods for detecting and/or quantifying antibody and antigen analytes utilizing affinity 
capture to isolate the analytes and internal reference species (for quantificf tion) followed by mass spectrometric analysis of the isolated 
analyt&'intemal reference species. Quantification is obtained by nomializing and calibrating obtained mass spectrum against the mass 
spectrum obtained for an antibody/antigen of known concentration. 
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Mass Spectroinetric ImnunoasfiaY 
Technical Field 

The present invention relates to a new and 
useful immunoassay and more specifically to new and 
improved mass spectrometric imsxinoassay processes 
for the detection and/or quantification of one or 
more antigens or antibodies in a single determining 
immunoassay. Hereinafter, singular terms are 
intended to include plural. 

Financial Assistance for some of the work 
reported herein was provided by the United States 
Department of Energy under Grant number DEFG02- 
91ER61127. The United States government may have 
certain rights to this invention. 
Background of the i nvention 

Immunoassay techniques first came into wide 
usage with the development of radioimmunoassay 
(RIA) in which the specificity of antigen-antibody 
binding was coupled with the high sensitivity of 
nuclear particle detection to detect and quantify 
antibody-antigen binding in the presence of a large 
background of non-specific material. Later, enzyme 
immunoassay (EIA) and enzyme-linked immunosorbent 
assay (ELISA) immunoassays coupled the specificity 
of antigen-antibody binding with the sensitivity of 
enzyme chemical reactions to detect and quantify an 
antigen-antibody binding by producing colored, 
f luorescent-r-bio-i-_or— chemiluminescent chromophore . 
EIA and ELISA exhibited an amplification factor as 
high as 10\ allowing sensitivities competitive 
with RIA without the disadvantages of 
radioactivity. 



wo 9607777 



PCT/US96rt>7S22 



- 2 - 

Typical ELISA diagnostics relied on an antigen 
having at least one epitope to which an enzyme- 
linked antibody could bind with a high affinity. 
An antigen was affinity-isolated from its 
biological system and allowed to interact with the 
enzyme-linked antibody. The enzyme of choice was 
generally alkaline phosphatase or horseradish 
peroxidase, both of which generated a colored 
product upon digestion of appropriate substrates. 
Although detection of attomole levels of an enzyme 
has been demonstrated, so that it. was, in 
principle, possible to detect attomole levels of an 
antigen, traditional immunoassays did not operate 
at that level of detection because all were limited 
by non-specific binding of the enzyme-linked 
antibody to surfaces in the reaction well or vial. 
This produced a background response which 
restricted the detection limit of the technique 
which could not be discriminated against because 
detection was indirect. 

A further limitation of the traditional 
immunoassays employing optical detection was caused 
by the limited number of clearly resolvable colored 
enzyme products, at most two or three, which 
limited the possibility for an immunoassay to 
screen for multiple antigens in a single sample. 
Multiple antigen immunoassays usually focused on a 
nxunber of separate immunoassays in an array of well 
I^i*^ts_each^eg\Uri^i^^ sample which clearly 

reduced the utility of this approach" — The-ideal 

multi-antigen immunoassay would detect a large 
number of discrete antigens with high specificity 
in a single specimen, would cover a large dynamic 
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ranga, be quantlfittbla over that range, and could 
be perfor»ed rapidly, that is, In minutes rather 
than hours, for critical clinical situations and 
high general throughput. 

The sensitivity of EIA and ELISA relied on the 
specificity of the af f inants used to bind with the 
antigen or antibody being detected. Expensive and 
hard to produce monoclonal antibodies were usually 
the reagent of choice because the specificity of 
monoclonal antibodies is very high. Polyclonal 
antibodies whose specificity is low could be used 
in theory but were not a practical choice for a 
reagent because polyclonal antibodies bind with 
several species of antigens making the detection of 
the resulting antibody-antigen complex less 
specific for a single given antigen species. 

Yet another restriction to EIA and ELISA is 
that they required the antigen-antibody binding to 
reach an equilibrium for quantification, making the 
0 immunoassay take several hours to perform. 

Until about 1988, mass spectrometry of 
proteins and peptides was thought difficult or 
impossible. At that time Karas and Killenkamp 
( ftp^Tyj^ical qhettistrv. vol. 60, PP. 2299 • 2301, 
5 1988) demonstrated that proteins could be ejected 
into the gas phase by embedding them into an 
organic matrix whioh was then literally exploded 
using a pulsed laser beam. This technique ie 
comonly referred to as matrix-assisted laser 
o desorption/ionisatlon (HALDI) • When MALDI was 
coupled to a time-of-flight (TOP) mass 

spectrometer, a new field-of biological-mass- 

spectrometry was opened. 
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While the new MALDI techniques opened the 
field biomolecular mass spectrometry, the mass 
spectrometric analysis of complex biological 
materials was not possible because of matrix 
overloading. Recently, Hutchens et al. (Hutchens, 
T.W. and Yip, T.), Rapid Communications in m^«« 

gp?ptrpin?try. vol 7, 1993, pp. 576-580.) 

demonstrated the utilization of affinity capture 
methods to quasi-purify proteins in a specimen 
prior to MALDI mass spectrometry. By quasi- 
purifying the specimen being assayed Hutchens et 
al. effectively overcame the primary limitation of 
MALDI mass spectrometry, namely, the suppression of 
ion signal due to overloading of the matrix. They 
named their technique "surface-enhanced affinity 
capture mass spectrometry (SEAC)". They further 
demonstrated their technique by using single 
stranded DNA which they immobilized on the mass 
spectrometer probe tip to quasi-isolate the protein 
lactoferrin from preterm infant urine. 

More recently Hutchens, T.W. and Yip, T. , in 
an international patent application which was 
published 8 December 1994 (WO 94/28418), described 
a method and apparatus for using affinity capture 
to improve mass spectrometric characterization of 
biomolecules. 

Presently, there is no mass spectrometric 
immunoassay which is capable of qualitatively and 
quantitatively determining the presence of single 

or multiple antigen or antibody speci^es^in^a^ — 

specimen. It is toward the fulfillment of that 
need that the present invention is directed. 
Brief Summary of the Invention 
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\. invention r.l.tes generally to the 

fields of l«unoM.ey end use epectroaetpy and 
more particularly to a nev and useful laass 
«peetro»etric i«aaunoBa.ey Methodology for 
unequivocally detecting end/or quantifying on. or 
»ore antxgene or antibodies fro. e .peci..„ within 
the limits of detection. 

The present invention coiiinea and exploits 
I^IliT'^L'"^ °' "«body.antigen binding and the 

/ ' ~" Bpectroneter to unequivocally 
identify molecules in various qualitative and 
cjuantitative strategies to «„aly,. on. or more 
anti,.„. or antibodl.. in a spscimen within the 
ll«it Of detection. Both qualitative and 
quantification strategi.. utili.. an antibody or 

ZlitZ antigen or 

antxbody, respectively, fro. its surroundings, and 
thereafter «ss spectrometrioaliy analyze the 
xsolated antibody or antigen after release fro. the 
capturxng agent. The specificity of the antibody- 
antigen reaction coupled with the ability of the 
.as. spectrometer to separate and unequivocally 
idantxfy the captured and isolated antibody or 
antigen by it. .ass-to-charge ratio fro. other 
molecules that may accompany it lends two 
dl.enslons of specificity to the present lm.entlo„. 

B.oaus. d.tactlon using ...s spectroMtry 
lends an added dinenalon of unequivocal 
•peclficity. the mss speotrcetric Haunoassay 

•» i»«.rov«.ant over 
existing i»»unoassays-tn-several-ways.— First -the 
present Invention does not require .onoclonal' 
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antibodies as a reagent, polyclonal antibodies 
produce equally reliable results. Second, 
radioactive materials are not required at all. 
Third, the presence of other substances not the 
subject of the immunoassay do not interfere with 
either detecting or quantifying the targeted 
antigen or antibody. Fourth, an accurate multiplex 
immunoassay clearly detecting and/or quantifying 
virtually any combination of different antigens or 
antibodies is possible. 

In addition, the rapid ease by which the mass 
spectrometer can detect an antigen or antibody 
regardless of whether the antigen-antibody binding 
has reached equilibrium grants to the present 
invention an immunoassay that produces results in a 
short period of time, minutes rather than hours. 

An article by Nelson, R. , et al., published in 
Analytical chemisi^ry. vol. 67, pp 1153-1158, on or 
about March 31, 1995, describes certain portions of 
the present invention in detail and is herein 
incorporated by reference. 

Accordingly it is a prime object of the 
present invention to provide a new and improved 
mass spectrometric immunoassay for determining 
whether one or more designated antigens and/or 
antibodies are present in a specimen. 

A further object of the present invention is 
to provide a novel and unique immunoassay for 
-determining-what_sp_eciiLi_c_a^^ and/or 
antibodies are present in a given specimen. 

Another object of the present invention is to 
provide a new and improv d immunoassay for 
determining how much detected antigen or antibody 
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is pzwsent tn a speeiaen. 

Th... and -till further objects a« 
herel«5fter appear are readily fulfilled by the 

r^IT^ • re.arMably unexpected banner 

.. will be readily decerned from the following 
detailed desorlptlon of an exemplary e.*pdl««t 
thereof eepecially when read In conjunction wlL 
the acoo».panylng drawing l„ vhlch Ilk. p^^s bear 
llXe numerele throughout the eeveral views. 

grief ne»rrlBi.<^., »f T Trn F lnu 
In the drawing: 

a „ul!r; ^ " ' depiction of the general ech... of 
a »ultapl«c .aea spectroaetric l««u„o.eBay u«ler 
the present invention showing affinity capture L 
xsoletion of two antigen analytes and a Jdl^Ie^ 

with a star. «„d showing the resulting »ae. 

inrr" ''i-^inctly resolve, each entigen 

analyte and ■odified variant; ■ 

FIG. 2 is a «aes spectn« resulting fro» the 
»as. spectro»etrlc i«unoa.-ey of the present 
".vention Of a veno.-iac«, hu«n blood ...pi^ 
the antigen .yotoxln a, showing . distinct L!! 

-at the »a../charge (^a) ratio correepon^ng ^o 
the molecular weight of byotoxln a at a.bzz Z L 
a second di.tlnct response at the v« rit!! 
corresponding to 5,242 Oa, which 1. the .olecular 
Z -^"i-d varlont H-^otoxin a ^ :! 

as_an-intemal_reference-specleB.-i 

PIG. 3 1. a »ass spectru. resulting fro. oas. 
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spectrometric analysis, without affinity capture 
and isolation, of a venom laced human blood sample 
for the antigen, myotoxih a, showing no distinct 
mass spectrometric response at the molecular weight 
of myotoxin a, but rather showing a mass 
spectrometric response for singly charged 
hemoglobin A and B at the mass/charge (m/z) ratios 
corresponding to their respective molecular weights 
of about 16,000 Da.; 

FIG. 4 is a working curve relationship between 
the concentration of myotoxin a in venom laced 
human blood samples and the magnitude of mass 
spectrometric immunoassay responses for myotoxin a, 
normalized with the modified variant, H-myotoxin a, 
and demonstrating the working curve quantification 
strategy for quantifying myotoxin a; 

FIG. 5 is a mass spectrum resulting from the 
mass spectrometric immunoassay of the present 
invention of a venom laced human blood sample 
containing four modified variants of myotoxin a, 
demonstrating the bargraph quantitative strategy 
for quantifying the antigen, myotoxin a; 

FIG. 6 is a mass spectrum resulting from the 
mass spectrometric immunoassay of the present 
invention of a venom laced human blood sample 
containing the modified variant, H-myotoxin a, 
demonstrating the relative limit signal 
quantitative strategy for quantifying myotoxin a; 
FIG. 7 is a mass spectrum resulting from the 

-muit-iplex— mass-spectrometric-immunoa8say_of_the 

present invention of a venom laced human blood 
sample for myotoxin a and Mojave toxin showing 
distinct mass spectral signals for myotoxin a and 
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Mojave toxin located at their respective molecular 
weights; 

FIG. 8 results from the mass spectrometric 
immunoassay of the present invention of six 
5 preparation samples containing various 
concentrations of the antigen, a-l-acid 
glycoprotein (AlAG) , and a constant concentration 
of the internal reference species, hximan serum 
albumin (HSA) and is a mass spectrum of one of 
10 these preparation samples/ showing distinct signals 
for AlAg at m/2 - 37,000 and for HSA at m/z - 
67,000; 

FIG. 9 is a working curve relationship between 
the concentration of a-l-acid glycoprotein (AlAG) 

15 in a specimen and the magnitude of the mass 

spectrometric response for a-l-acid glycoprotein, 
normalized with the internal reference species, 
human serum albumin; 

FIG. 10 results from the mass spectrometric 

2 0 immunoassay of the present invention of the 

rattlesnake toxin, myotoxin a, in human blood 
containing the venom of the Mojave rattlesnake, and 
to which various aliquots of purified myotoxin a 
have been added to allow quantification by the 

2 5 standard addition strategy, and shows a mass 

spectrum of a sample in which the concentration of 
myotoxin a was increased by 1250 nM over the 
intrinsic level; 

- — — FIG.~ll-is-.the__standard_aM line defining 

3 0 the relationship between added myotoxin a and the 

mass spectral responses for myotoxin a, normalized 
to the mass spectral response for another venom 
component, Mojave toxin, which is present in the 
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blood eaapl. at a constant conoontration and 
IpBcrnr''' """^ " " internal r.fer«,ca 

^' ^" * »P«et"a o< a venoa lacad 

blood ea»pie containing fiva .odlflad variant, of 
«yctoxin a raaulting fro» tha «as. .pectromatric 
xru-unoassay of th. preaant invention in 8x«npla 7 
deaonstrating a bargraph «i«antif ioatlon atratagy; ' 
FIG. 13 i. a aaaa apactnm resulting froa aaaa 

;ui%1:iT^': ^' ""P-^tion aada o 

multiple antigen apeciea i„ Exaaple 7 ahowing 
reaponaes at various a/z ratios charactari^c of 
the various antigens; and 

FIG. 14 is the aass apectrua of Exaaple 7 
Showing a ..s, spectral response for th. singi: 
antigen, «-cobratoxin, and d«.onstrating the third 
gualitative aass spectroaetric iaaunoaaa'aHt^,':^ 
Of the present invention for inferentlally 
detecting th. «,tibody to a-cobratoxin in a 
speciaen by capturing the antibody for e-cobratoxin 
and utilizing this antibody in the affinity 
reagent. ' 

The preaant invention relates to a new aass 
apectroaetric iaaunoa.say and aora specifically to 
new and iaprovad prooeasea for the detection iL/or 
quantification of one or aore antigen. Z 
antibodies in a single iaaunoa»»ay. 

The pr...nt invention can b. utiliied to 

"^ntibodiM^n a .pecia«.. Single teras a. us«i 
herein are ■eant-te-include-ptural^ ______ 
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In its sinplest context, the present invention 
involves two phases: capture and isolation of an 
antibody analyte or antigen analyte, followed by 
mass spectroaetric analysis of the captured antigen 
analyte or antibody analyte. The present invention 
can be used for qualitative and/or quantitative 
purposes. That is, the present invention can be 
used to determine whether a certain antibody or 
antigen is present in a specimen (qualitative) , 
and/or to measure the amount of the antigen or 
antibody present in a specimen (quantitative) . 

A more detailed description of the several 
facets of this invention appears hereafter 
utilizing the following lexicon. 

"Xffiaant" is the antibody and/or antigen 
which is used to make the affinity reagent. 
Usually, an affinity reagent to analyze for 
antigens will be made with one or several types of 
antibody. Similarly, an affinity reagent to 
analyze for antibodies will be made with one or 
several different antigens. However, all 
quantitative analyses in the present invention 
require. the affinity reagent to capture at least 
two different types of molecule, one of which is 
the analyte, the other molecule acting as an 
internal reference species. Sometimes, the analyte 
may be an antibody and the internal reference 
species an antigen, or vice versa. Where this is 
so, it would be necessary for the affinity reagent 

to-contain-both-an-antibody_and-an-antigen.__For____ 
example, because the number of resolvable types of 
antibody is small, a protein that is. not an 
antibody may make a useful internal ref rence 
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species for an antibody, because it has a 
resolvable mass and a specific antibody is readily 
availad^le for it. In such a case, the affinity 
reagent needs to contain an immobilized antibody 
having a specific affinity for that protein, in 
addition to an immobilized antigen having a 
specific affinity for the antibody analyte. 

"Affinity" is the ability of a molecule to 
bind with another molecule having proper fitting 
conformation. 

"Affinity reagent" is a type of antigen or 
antibody immobilized to a solid substrate. 
Preferably, immobilization is obtained by 
covalently linking the antigen or antibody to the 
solid substrate, although non-covalent linkage may 
be acceptable. The antibody or antigen can be 
directly linked to the solid substance surface, or 
can be indirectly attached to the solid substrate 
by linking the antibody or antigen to a coating on 
the solid substrate. 

"Allergen" is a particulate material capable 
of stimulating an allergic response in susceptible 
individuals. Typically, allergens include dusts, 
pollens, molds, spores, and particles of insect and 
animal detrita. Each type of material may carry on 
its surface, many different kinds of proteins 
capable of stimulating an allergic response. The 
allergic response is characterized in the hxman 
body by the production of elevated levels of an 
immunogl obufin , lgE7niol€rcuTar~weight----r7 OyOGO— Da^ — 
which is distin-guishable from other 
immunoglobulins such as IgG which have a differ nt * 
molecular weight (IgG: - 150,000 Da). 
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"Analyttt" except as otherwise defined, is an 
antibody or antigen that is captured, isolated and 
mass spectrometrically analyzed for the qualitative 
purpose of detecting whether a specimen contains a 
5 certain antibody or certain antigen. Depending on 
the qualitative method employed, the analyte may be 
the certain antibody or certain antigen being 
looked for in the specimen, or may be another 
antibody or antigen used to indirectly detect the 

10 certain antibody or certain antigen. . 

"Antibody" is a protein that specifically 
binds with another molecule that possesses one or 
more unique antigenic sites. 

"Antigen" is any molecule having an antigenic 

15 site that can bind to an antibody. It is apparent 
that the categories of molecules that may be 
considered antigens under this definition is broad, 
essentially any molecule that can bind with an 
antibody qualifies as an antigen including an 

2 0 allergen. 

"Counterpart" when used to describe an 
antibody or antigen, is an antibody or antigen 
which has a molecular weight indistinguishable in 
the mass spectr\im from that of the analyte, and 

25 which gives a response identical to that of the 
analyte when both are subjected to mass 
spectrometric immunoassay from specimens of 
identical concentration. 

— "IMsaMooiJitijon is any active cause 

30 which disassociates or \inbinds a captured~"analyte 

from the affinity reagent. A laser 
desorption/ionization agent may also act as a 
disassociation agent. Examples of a disassociation 
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agent include but are not limited to: addition of a 
buffer solution, heating, sonication, application 
of an electric potential, or addition of a MALDI 
matrix. 

"Effective amount" of affinity reagent is that 
amount necessary to capture an adequate quantity of 
the analyte (and internal reference species where 
relevant) to achieve the desired result, 

"internal reference species" is an antibody or 
antigen whose specific affinity for another 
antibody or antigen is exploited in the mass 
spectrometric immunoassay for quantitative 
purposes. The internal reference species is 
captured, isolated and mass spectrometrically . 
analyzed alongside the analyte. 

"Laser desorption/ionization agent" is any 
active cause which enables an analyte to be laser 
desorped/ ionized. An example of a laser 
desorption/ionization agent is the addition of a 
MALDI matrix. 

"Mass spectrometrically analysed" is analyzing 
the antigen analyte or antibody analyte with a mass 
spectrometer resulting in a mass spectrometric 
response. Generally, a mass spectrometer is an 
instrument designed to determine the mass-to-charge 
ratio of ions. For this process, it is necessary 
for the analyte molecules to be volatilized, and 
ionized. The ionized molecules are then 
accelerated by an electric field into the analyzing 

^levlceT^whichHs^^ 

property dependent on the mass-to-charge ratio 
(m/z) . Among these pr perties are: deflection in a 
magnetic field, velocity after acceleration through 
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a fixed electric potential drop, cyclotron orbital 
frequency in a magnetic field, and trajectory in a 
radio frequency quadrupole field. Because antigens 
and antibodies are usually relatively large 
5 molecules and cannot be volatilized under ordinary 
mass spectrometric procedures, volatilization and 
ionization of the antibody or antigen usually 
involves some kind of assistance. One common 
procedure of assistance is known as matrix-assisted 
10 laser desorption/ionization, or MALDI. Therefore, 
"mass spectrometric analysis" is intended to 
include techniques that assist the mass 
spectrometer in volatilizing and ionizing the 
antibody or antigen molecules when such assistance 
15 is needed. 

"Mass speetrometrio mixture" is a mixture 
containing an antibody or antigen which can be 
laser desorped/ ionized by a mass spectrometer. 

"Mass spectrometric response" (or **Hesponse") 

2 0 is the response received from a mass spectrometer 

indicating whether or when an ion struck the mass 
spectrometer's detector and whether or when no ion 
struck the detector. A non-zero response at a 
given mass-to-charge ratio indicates that the 
25 material mass spectrometrically analyzed contained 
a given molecule that gave rise to the ion 
corresponding to the response at that charge-to 
mass ratio. It is apparent that a zero mass 
spectrometric response would indicate that the 

3 0 material mass spectrometri"caIiy~analyzed~either 

not contain that molecule, or contained that 
molecule in levels below the limit of detection. 
It is important to realize that the mass 
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spectrometric response is defined as a change in 
the level of the signal measured at the mass 
spectrometer detector, not simply the absolute 
level of that signal, in some types of mass 
spectrometer, and particularly in matrix-assisted 
laser desorption/ionization time-of-flight mass 
spectrometers, there is a detectable signal, 
resulting in a non-zero baseline, throughout the 
mass spectrum arising from such causes as 
background noise and the arrival of ions at the 
detector at times non-specific to their mass/charge 
ratio. Thus, the mass spectrometric response for 
an ion species at a specific mass/charge ratio is 
defined as the change in the mass spectrometer 
signal above this baseline signal level. 

Detection of an ion at a given setting of 
electric and magnetic field strengths, or at a 
given time after the ion is accelerated, is 
controlled by the mass-to-charge (mass/charge) 
ratio of that ion thereby providing an accurate 
means of identifying the molecule that gave rise to 
that ion by the molecule's mass-to-charge ratio. 
The number of ions that strike the detector at a 
given setting, or at a given time, is indicated by 
the magnitude of the mass spectrometric response. 
A "mass spectrum" is a collection of mass 
spectrometric responses over a range of mass-to- 
charge ratios. 

A mass spectrum is commonly expressed 

graphi cal lyHLlT^terms-o f^r elat ive-intensifey-aga inst 

mass-to-charge ratio (m/z) . Where an ion arises 
from a molecule present in the material being mass 
spectrometrically analyzed at or above the limit of 
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detection, the response is expressed as mass 
spectral signals or peaks (signal, or peak) at the 
relative mass-to-charge ratio of the ion. Where 
the ion charge is +1, the mass-to-charge ratio for 
that ion is equivalent to the molecular weight of 
the ion. Molecular weight is expressed in Daltons 
(Da.) and may be used inter-changeably with the 
term mass-to-charge ratio for singly charged ions. 

The magnitude of a mass spectrometric response 
can be measured in terms of "intensity", height of 
the response, or "integral", the area under the 
response. It is apparent that mass spectrometric 
response can be expressed in a variety of tangible 
and intangible forms including but not limited to 
signals, charts, electronic data and electric 
currents. A zero response, a response without 
magnitude, at a given mass-to-charge ratio 
indicates the material being mass spectrometrically 
analyzed either did not contain a molecule that 
could give rise to an ion of the given mass-to- 
charge ratio, or did not contain that molecule at a 
level at or above the level of detection. 

"Modified variant" is an internal reference 
species which is made from an antibody or antigen 
analyte or a counterpart thereof, has affinity for 
the same antigen or antibody as does the analyte, 
and produces a mass spectrometric response relative 
— t.o_the__analyte which is fixed and readily 
determinable, but has a different moIecular~weight— 
such that it is resolvable in the mass spectrum 
from the analyte. 

"H n-specific affinity" is the strongly 
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attractive interaction with a broad range of 
antibody or antigen species. By way of exasiple 
, only/ the siabstance Protein A has a strong affinity 
for all antibodies of the IgG faaily. 

'^Normalise'' or any form of the word, is that 
procedure for correcting mass spectra for 
differences in instrument performance during mass 
spectrometric immunoassay of multiple analytical 
systems. In essence, normalization provides for 
accurate results when two immunoassays are compared 
in the quantitative strategies of the present 
invention. Normalization is preferably achieved 
with the assistance of an internal reference 
species, but conceivably can be achieved without 
the assistance of an internal reference species if 
instrument parameters are carefully controlled so 
as to be identical in the mass spectrometric 
immunoassay of multiple analytical systems. 
Alternatively, if the dependence on the instrument 
parameters of the mass spectrometric response to a 
given analyte concentration is sufficiently well 
known, the mass spectrometric response may be 
corrected for the effects of changing instrument parameters 

"Post^coabination affinity reagent'* is an 
affinity reagent which has been allowed to bind 
with its target antigen or antibody. 

^'Preparation'* is an operator created substance 
or material and used for a particular purpose in 
— ^the_mass_spectrometric immunoassay. The term is 

used to distinguish it from the specimen; — Under — ^ — 

one method of the present invention, material 
containing a counterpart antigen is created for the 
purpose of determining wh ther a certain antibody 
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species is present in a specimen, such as 
antisenm, and is termed the "preparation" to 

distinguish it from the specimen and avoid 
confusion in describing the method. Under several 
quantitative methods, a material containing a 
counterpart antigen or antibody is created and 
termed the "preparation" and used in the 
quantification methods. 

"Solid substrate" is defined as any physically 
separable solid to which an antibody. or antigen can 
be directly or indirectly attached including but 
not limited to agarose beads, nylon, metals, glass, 
silicon, and organic membranes. 

"Specific affinity" is the strongly attractive 
interaction between specific antigens and their 
corresponding antibodies. The selective attraction 
between an antigen and its corresponding antibody 
occurs between the antigenic site, or epitope, of 
the antigen and a recognition region in the 
antibody. As such, it may be possible to modify an 
antigen by altering its molecular weight, without 
noticeably altering the epitope, so that the 
modified antigen also has a specific affinity for 
the same antibody as the unmodified antigen. An 
antibody may similarly be modified without 
eliminating its specific affinity for its antigen. 
The high specific affinity between antigens and 
antibodies is the key to the selective capture and 
isolation of a specified antigen or antibody in an 

immunoassay. ^ [ ~ 

"Specimen" is any material which is the focus 
of the mass spectrometric immunoassay. Frequently 
the specimen will be of biological origin, for 
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example a blood sample, and contain analytes that 
are similarly of biological origin, for example 
peptides, proteins and antibodies. However, it is 
possible that the specimen may be non-biological in 
origin, for example a groundwater specimen, and the 
analyte similarly may be of non-biological origin, 
for example a pesticide. All that is necessary for 
a successful immunoassay is that it should be 
possible to prepare an antibody having a specific 
affinity for that analyte. 

"Unbotind remainder" is whatever is left after 
the affinity reagent screens the specimen. 

The "mass spectrometrically immunoassay" is 
that procedure in which a specimen is incubated 
with an affinity reagent which will specifically 
capture an analyte, for a time sufficient for the 
affinity reagent to bind a detectable fraction of 
the analyte, creating a post-combination affinity 
reagent. The post-combination affinity reagent is 
then separated from the unbound remainder of the 
specimen sample to isolate the captured antigen 
from the unbound remainder. Preferably, the 
isolated post combination affinity reagent is then 
washed to remove any unbound remainder adhering to 
the isolated affinity reagent. 

A laser desorption/ionization agent is then 
added to isolated post combination affinity reagent 
to unbind any antigen bound to the affinant and 
form a mass spectrometric mixture from which the 

"irnbound~antigen-^is -then-mass— spectrometrically 

analyzed. If the specimen contained the certain 
antigen at a level above the detection limit of. the 
mass spectrometric immunoassay process for that 
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antigen, the resulting mass spectrum will show a 
mass spectral signal at the unique mass-to-charge 
ratio of the certain antigen. If the specimen did 
not contain the certain antigen at a level above 
the detection limit of the mass spectrometric 
immunoassay process for that antigen, no such 
signal will be evident. 

Such a mass spectrometric immunoassay 
procedure can result in a qualitative or a 
quantitative analysis, depending on whether or not 
a quantification method is used. 

A multitude of qualitative and quantitative 
methods are possible using the present invention. 
Below three qualitative methods are discussed in 
detail, followed by a detailed discussion of six 
quantification methods. The mass spectrometric 
immunoassay of the present invention is very 
sensitive and requires only very small quantities 
of analyte and/or small volumes of analyte 
containing samples. The detection limit is 
approximately between 1 x 10' and 1 x 10^° analyte 
molecules in about 200 mL (microliters) of sample. 

The first qualitative strategy is designed to 
determine whether one or more antigens are present 
in or are edjsent from a specimen. Antibodies to 
each antigen to be detected are immobilized on a 
solid substrate creating the affinity reagent. The 
affinity reagent is then incubated with the 
specimen to scree n the specimen for any antigen 
present in the specimen that has an affinity for 
the affinant-antibody immobilized on the affinity 
reagent. Screening in this context means to 
combine the specimen and affinity reagent for 
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enough time to allow the af f inant-antibody to 
combine with a detectable amount of antigen for 
which it has a specific affinity. The affinity 
reagent will capture some or all of the antigen 
present in the specimen, if any. The post- 
combination affinity reagent is then separated from 
the unbound remainder of the specimen to isolate 
the captured antigen from the unboxind remainder. 
Preferably, the isolated post-combination affinity 
reagent is then washed to remove any unbound 
remainder adhering to the isolated affinity 
reagent. 

A disassociation agent is applied to the post- 
combination affinity reagent to disrupt the 
antibody-antigen binding and produce a solution 
containing free antigen which can be separated from 
the solid affinity reagent by filtering. If the 
mass spectrometric analysis is to be performed 
using matrix-assisted laser desorption/ionization 
(MALDI), the sample must be combined with an excess 
amount of a laser desorption/ ionization agent 
(known otherwise as a "MALDI matrix") and allowed 
to crystallize by drying. In general the MALDI 
matrix materials which are effective laser 
desorption/ionization agents are also remarkably 
effective disassociation agents, and disassociation 
using these materials is preferred, in particular 
because the process of disassociation and creation 
of a mass spectrometric mixture is thereby made 

s imple and~rapl'd~; ; ~ . 

The solution resulting from the disassociation 
step may be mass spectrometrically analyzed. If 
the solution is to be analyzed using matrix- 
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assisted laser desorption/ionization mass 
spectrometry, it aust first be combined with a 
MALDI matrix if such a matrix material was not used 
as a disassociation agent. . If the specimen 
5 contained one or more of the antigen species for 

which the affinity reagent has a specific affinity, 
at a level above the detection limit of the mass 
spectrometric immunoassay process for that antigen, 
the resulting mass spectrum will show a mass 

10 spectral signal at the unicjue mass-to-charge ratio 
of the certain antigen. If the specimen did not 
contain the certain antigen at a level above the 
detection limit of the mass spectrometric 
immunoassay process for that antigen, no such 

15 signal will be evident. This strategy may be used 
to screen specimens for as many discrete antigen 
species as can be distinguished from each other in 
a single mass spectrum. In the event that more 
antigens must be searched for than can be 

2 0 distinguished in a single mass spectrxim, two or 

more affinity reagents must be created, each having 
affinities to different sets of distinguishable 
antigens. 

The procedures for the second qualitative 
25 strategy under the present invention are similar to 
the first except the affinity reagent is made with 
antigens seeking antibodies. The analyte is an 
antibody. The same general protocols apply. An 
antigen known to have a specific affinity for the 

30 antibody analyte~i"s~immobirized~to-a-sol-id -~ 

subtrate. The affinity reagent is incubated with 
the specimen being assayed for the desired antibody 
and allowed to capture the antibody for which it 
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has a specific affinity. After washing the reagent 
any captured antibody is isolated from the specimen 
environment. A disassociation agent then a laser 
desorption/ionization is added to the isolated 
antibody to free it from the sxibstrate and 
facilitate ionization prior to mass spectrometric 
analysis. Alternately, only the laser 
desorption/ionization agent can be added without 
the disassociation agent to the isolated antibody 
analyte. A mass spectral reisponse at the molecular 
weight (same as single charged m/z) of the target 
antibody evidences the presence of the antibody in 
the specimen. 

In addition to using pure antigens to capture 
specific antibodies, it can also be useful to use 
impure antigens to capture classes of antibodies. 
Such a situation arises in testing for allergies, 
in whiich whole allergen particles, such as dusts, 
pollens, molds, spores and particles of insect and 
animal detrita, may be covalently anchored to a 
solid substrate, or even used without such 
anchoring if the particles are sufficiently large 
to be separated by filtering may be used to search 
for elevated levels of an antibody, IgE, which is 
produced as part of the allergic response. IgE has 
a molecular weight of - l70„000 Da, sufficiently 
different from that of IgG, another major antigenic 
antibody class with a molecular weight - 150,000 
Da, that IgE and IgG are distin-guishable in a mass 

spectrometer. However7~ri)re~"other~antibodies7 

individual types of IgE molecules are not 
resolvable from each other. Accordingly, 
determination of which of several possible 
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allergens has a specific affinity for IgE in a 
blood seunple would necessarily use a single species 
of allergen, for example, the pollen of a specific 
plant, such as ragweed, to screen a specimen for 
IgE characteristic of allergy to ragweed pollen, 
and separate screening procedures would be carried 
out for each specific allergen. Small molecules, 
such as drugs, do not stimulate an allergic 
response when present alone, but do so effectively 
when bound to proteins to form conjugates. 
Screening for life-threatening sensitivity to drugs 
therefore would necessarily use affinity reagents 
in which the drug molecules in question were 
attached to proteins incorporated in the affinity 
reagent. 

The advantage of such screening over the 
conventional skin and patch tests for allergy is 
not only its enhanced speed but, equally important, 
the ability to avoid a potentially catastrophic 
hyper-allergenic reaction that could occur when the 
patient is used as an allergy detector. 

Because antibodies within a certain class, 
such as immunoglobulin G (IgG) do not vary in 
molecular weight by a sufficient amount to be 
distinguishable mass spectrometrically , a different 
strategy must be adopted to screen a specimen for 
specific types of similar antibodies, for example, 
antibodies belonging to the IgG class. In this 
strategy detection of a specific antibody is 

indirect. A specimen rs~combined~with-a-solid 

substrate having a broad non-specific affinity for 
antibodies. A representative sample of the 
antibody population in the specimen will bind with 
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the solid substrate creating an affinity reagent. 
The affinity reagent is then incubated with a 
screening preparation made with an antigen or 
antigens known to have a specific affinity for the 
antibody or antibodies to be searched for. If a 
certain antibody is a member of the antibody 
population on the affinity reagent, and the 
specific antigen to that antibody is present in the 
screening preparation, then that antibody will 
capture its specific known antigen from the 
preparation. The affinity reagent is then 
separated from the preparation leaving behind the 
unbound remainder. Preferably, the isolated 
affinity reagent is washed to remove any unbound 
remainder adhering thereto. 

A laser desorption/ionization agent is then 
applied to the isolated affinity reagent to unbind 
any antigen bound to the af f inant-antibody forming 
a mass spectrometric mixture from which the unbound 
antigen is then mass spectrometrically analyzed. A 
mass spectral signal at the xinique mass-to-charge 
ratio of a known antigen indicates the antibody 
specific for that antigen was present in the 
specimen. Absence of a mass spectral signal 
indicates that the certain antibody was not present 
in the specimen at or above the detectable limit. 

The preferred incubation method for all three 
qualitative methods is arrived at empirically and 
depends on the given ana lytical system. Generally, 
incubation can be stationary (combining the 
affinity reagent and sample then agitating) , 
flowing (one-time or repetitive flowing f sample 
over the affinity reagent) , or accelerated by the 
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application of an electrical potential across the 
sample solution. Because the use of an internal 
reference species serves to calibrate variables in 
the incubatioTi process as well as in the nass 
5 spectrometric analysis, it is not necessary to 

ensure that incxibation proceeds to equilibrium to 
achieve accurate analyses; Rapid incubations and 
consequently rapid analyses are therefore possible 
under the present invention. 

10 Preferably, the disassociation agent and laser 

desorption/ ionization agent chosen is arrived at 
empirically, however, the preferred agent is often 
the addition of any material commonly referred to 
as a "MALDI matrix" by those in the field of mass 

15 spectrometry. Examples of commonly used MALDI 
matrix materials can be found in: Fan Xiang and 
Ronald C. Beavis, Rapid Communications in Mass 
gpectropetrYf vol. 8, pp. 199-204, 1994 and in 
Ronald C. Beavis, Organic Mass Spectrometry, vol. 

20 27, pp. 653-659, 1992. 

Because an unbound antigen analyte or unbound 
antibody analyte is typically too large a molecule 
to be ionized, the \inbound analyte cannot 
ordinarily be mass spectrally analyzed without 

25 additional preparatory techniques. Preferably, 

matrix assisted laser desorption/ionization (MALDI) 
techniques enable mass spectrometric analysis of 
the analyte. Standard MALDI protocols can be found 

in Ronald C. Beavis, Organic Mass Spe ctrometry. 

30 vol. 27, pp. 653-659, 1992. 

The mass spectrometer used in the present 
invention can be any mass spectrometer that will 
analyze the analytes including a magnetic sector 
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mass spectrometer, a Fourier transform ion 
cyclotron resonance (FTICR) mass spectrometer, a 
guadrupole ion trap mass spectrometer and any time- 
of-flight (TOF) mass spectrometer. Of these the 
5 TOF mass spectrometer is preferred. 

Mass spectrometric analysis of the captured, 
isolated and unbound analyte results in an analyte 
mass spectral signal at the mass-to*charge ratio 
characteristic of the analyte. The location of the 

10 signal on the mass spectrum is dependent on the 

molecular weight of the analyte, thereby providing 
a reliable means for identifying the analyte. The 
mass spectral signal also has magnitude. The 
magnitude of the signal is indicative of the amount 

15 of analyte that is ionized and detected by the mass 
spectrometer. Mass spectrometric signal magnitude 
has at least two dimensions that are directly 
measurable, intensity or height of the signal, and 
integral or the area under the signal.. Either the 

2 0 intensity or the integral can be used to quantify. 

The mass spectrometric immunoassay process can 
also be designed to quantify an antibody or antigen 
present in a specimen. All such quantitative 
analyses utilize standard preparations containing 

25 known concentrations of the analyte for 

calibration. In addition, because it is difficult 
to control the analytical conditions sufficiently 
well to ensure a constant absolute mass 
spectrometric response for a constant analyte 

30 concenjtration in diTferent~sM^les, quantitative — — 
analysis using the present invention relies on the 
pres nee of or th introduction f at least one 
internal reference species in the analytical system 
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prior to incubation with th. affinity r«a,e„t. Th, 
internal refrenc. ap.ol«. oan be a«W«l to the 
«alytlcal 8y.t«« being aaaayed, or be Intrinsic 
thereto, it i» captured, isolated and »a.. 

In'^^r^ii'' ""'^'"^ .imultaneoualy with the 
•nalyte, thereby aervlng to calibrate the 

analytical condition. fro» one «,aly.i8 to another 
becauae both analyte and internal referehce sp^^lea 

that woi f!"^ "'"^ contain an afflnant 

that will epeclf ically capture or bind with the 
xnternal reference epeci... it 1, eaaential that 
the internal reference .peele. have a molecular 
weight euf riclently different fr« that of 
analyte or analyte. that It can be resolved in the 
-aas apectruM fro. the .ignal. arlalng f ro» t^. 
analyte or analytes. However, the .olecular weight 
Oxfferenc. 1. preferably the «lnl»«. necea.ary f!r 
reaolution In the ap.ctru., becauee "aX^t.T 

olllltT i« «»e ,a.. apectrometer 

operating condltiona. Preferably, the internal 
refer«»ce epede. 1, a «k11,i«j variant of the 
analyte Where a Mlfled variant 1. «.ed aa the 
internal reference epeclea, an afflnant that can 
capture the analyte can u««iiy .i., 
-odif lee variant beoaua. the «^iricatlon «.lft. 
the molecular weight of the antibody or antigen 
without deatroylng It. affinity. . where the 
internal reference specie. 1. a not a Mdlfled 



' — -*-*m«nooae«icai- 

affinity group »,st be preaent i„ the affinity 
reagent in order to sUtultaneouaiy capture and 
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isolate that internal reference species alongside 
the analyte. It is possible, and may be desirable, 
for a protein that is not an antibody to be used as 
an internal reference standard in an analysis of an 
antibody species. In such a situation, the 
affinity reagent would be prepared with two classes 
of molecules, an antibody specific for the protein 
and an antigen for which the analyte is specific. 

The number of internal reference species 
employed also depends on the quantification method 
employed. The working curve or single point 
quantification approaches require at least one 
internal reference species present in the 
analytical system. The bargraph quantification 
approach requires several internal reference 
species. 

The internal reference species in a 
quantification method serves two roles: 1) the role 
of a normalizer, and 2) the role of a concentration 
indicator. There is more than one possible 
strategy or method for quantification of an antigen 
or antibody under each of these roles. 

The internal reference species serves to 
correct for differences in affinity reagent 
activity or concentration, for differences in 
incubation times for different samples, and for 
differences in mass spectrometer performance during 
the mass spectrometric immunoassay of multiple 
samples, thereby ensuring accurate quantification. 
However, because all mass spectrometric^^responses — - 
are thereby determined relative to the internal 
reference species response, this internal reference 
species signal also serves as a concentration 
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indicator, that is, the internal reference species 
signal for a given concentration of that species is 
calibrated by various strategies so as to indicate 
a given concentration of the analyte species. 
5 Quantification strategies all involve mass 

spectrometric immunoassay of at least two separate 
analytical systems. In most of the quantitative 
strategies, one analytical system contains the 
specimen, and the other a preparation containing 

10 the antibody or antigen analyte or a counterpart 
thereof in known concentration, or. in a 
concentration which has been altered by a known 
amount by adding a known amount of the analyte 
where both the specimen and the preparation contain 

15 the same internal reference species in known 
concentration, preferably the same. 

Normalizing with an internal reference species 
can be accomplished in two basic ways, that is, 
during mass spectrometric analysis or after. Both 

20 methods require the analytical samples to contain 
the same internal reference species. For 
normalizing during mass spectrometric analyses, the 
mass spectrometer is adjusted so as to bring the 
internal reference species signals of each 

25 immunoassay to a value proportional to the 

concentration of the intezTial reference species. 
Most conveniently, the internal reference species 
concentrations in all the analytical samples are 

the same, and the mass spectrometer is adjusted to 

30 bring all internal reference species signars~tio~the~ 
same value. For normalizing after mass 
spectrometric analyses, th6 mass spectrum for ach 
assay is divided or multiplied by an appropriate 
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factor, again to bring the internal reference 
species mass spectral responses to a value 
proportional to the concentration of the internal 
reference species. The second procedure is 
5 preferred. The result is to normalize all mass 
spectral responses or signals, and all affinity 
capture procedures to one standard thereby 
artificially, or in practice, making instrument 
performance and affinity capture procedures in each 
of the immunoassays the same. The working curve 
strategy, standard addition strategy, single point 
calibration strategy, and the bargraph strategy are 
all quantification strategies xxnder the present 
invention that employ one or more internal 
reference species as both a normalizer and a 
concentration indicator. 

Although it is preferred that the 
normalization of mass spectra be achieved where the 
internal reference species concentration in each 
analytical sample being mass spectrometrically 
assayed is the same in each analytical sample, it 
is possible to normalize multiple mass spectra with 
analytical samples containing the same inteirnal 
reference species in different, but known 
5 concentrations. To normalize under these 

conditions a scale is determined for the magnitude 
of that internal reference species mass spectral 
response and that scale is used to normalize the 
other mass spectra. By way of illustration only, 

suppose~Mmple-A--contains-the-internal— reference 

species, I-A, in concentration of 100, and sample B 
contains the same internal reference species, 
termed I-B to distinguish from A's internal 
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reference species, in concentration of 50. After 
mass spectrometric immunoassay of A and the mass 
spectral signal for I-A is adjusted to fit an 
intensity of one (normalized intensity), the other 
mass spectral signals in A's mass spectrum are also 
adjusted so as to be in the same original 
proportion (in intensity) to the adjusted I-A 
signal as they were for the initial I-A signal. 
Because the concentration of I-B is half the 
concentration of I-A, the mass spectral signal for 
I-B then adjusted to fit a normalized intensity of 
0.5. The other mass spectral signals in B's 
spectrum are also adjusted so as to be in the same 
original proportion (in intensity) to the adjusted 
I-B signal as they were for the initial I-B signal. 
Preferably, all spectra adjustments are 
accomplished with the aid of computer data 
manipulation software such as LABCALC, produced by 
Galactic Industries, Salem, NH. 

For accurate normalization and/or calibration 
using an internal reference species the absolute 
amplitudes of the mass spectrometric signals for 
the analyte and internal reference species should 
be similar. If these two signals differ by a large 
factor, for example by a factor of several hvmdred, 
it will not be possible to measure both signals 
accurately in the same mass spectrum because the 
detection system cannot respond accurately to 
^qnals differing by so large a factor , i.e., the 
dynamic range is limited. For example, in the 
time-of-flight mass spectrometers which are the 
preferr d devic s for obtaining mass spectra of 
laser-desorped ions in the present invention, the 
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signal from the mass spectrometer must typically be 
digitized, that is, converted to a binary number 
suitable for transfer to a computer memory, at 
successive time intervals as short as 5 - 10 
nanoseconds. The digitization circuitry typically 
converts the, signal to a binary number having a 
value between 0 and 256. If a 1 volt signal, for 
example, corresponded to the digital value of 256, 
then all signals larger than 1 volt would also be 
registered as 256 and the system would have no 
ability to measure any such signals acciirately. 
Conversely, in the eUDsence of any electronic noise, 
all signals lower than 1/256 volts would be 
registered as 0 and again the measurement would be 
inaccurate. Low signals above 1/256 volt are also 
measured inaccurately because the binary scale is 
coarse and because of noise effects. Preferably, 
the absolute amplitudes of the mass spectrometric 
signals for the analyte and internal reference 
species should differ by less than a factor of ten, 
and the mass spectrometer is adjusted to bring the 
more intense signal near the allowable maximim. 

The mass, spectral signal of an internal 
reference species is typically used to directly 
quantify an analyte by comparing the internal 
reference species signal to the analyte signal, 
after the internal reference species signal has 
been calibrated by a working curve or standard 
-add i t i on-approa ch . 

It is apparent that given the high specificity 
of affinity capture and isolation, and of mass 
spectrometry, quantification strat gies can be 
mployed to quantify multiple antigens or 
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antibodies in the sane specimen. It is also 
apparent that it is possible to employ multiple 
quantification strategies in a given assay to 
quantify single or multiple antibodies or antigens. 

5 

Detailed Quantification Methods Using the First and 
Second Qualitative Mass Sned^rometrie Methods, 

Below is a detailed description of each of the 
quantification strategies as employed with the first 
10 and second qualitative mass spectrometric immunoassay 
methods • 

It is apparent that, because analytical 
parameters may vary, including differences in 
affinity reagent activity or concentration, 

15 differences in incubation times for different 
samples, differences in elution efficiency, and 
differences in mass spectrometer performance during 
the mass spectrometric immunoassay of multiple 
specimens, therefore the absolute intensity of the 

20 mass spectrometric response for a given analyte in a 
given analysis cannot be used to derive a 
concentration for that analyte. Instead, an internal 
reference species (IRS) , which is preferaUDly captured 
by the same affinity reagent during the same 

25 incxibation time, eluted under identical conditions 
and mass spectrometrically analyzed under identical 
conditions, serves to calibrate all of these 
variables at one time. All analyte signals are 

therefore determined a s ratios to the respective IRS 

30 signals. When this is done it is possible aiso~to~ 
calibrate the analysis by determining the analyte/ IRS 
signal ratio for a known concentration rati of 
analyte and IRS in an analytical sample. The methods 
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for accomplishing this calibration are known as the 
working curve approach, the standard addition 
approach, and the single point calibration approach, 
and are used here exactly as in standard analytical 
chemistry procedures. 

The working curve approach is developed in 
anticipation of the fact that generally the analyte 
concentration encountered in an analysis will not be 
identical to the analyte concentration used to 
calibrate the IRS signal. There are two possible 
approaches. 

a) It may be assumed that the relationship 
between analyte/IRS concentration ratio and 
analyte/IRS signal ratio is accurately linear. Then, 
for example, if the analyte/IRS signal ratio is 2:1 
for equal concentrations of analyte and IRS, an 
analyte/IRS signal ratio of 4:1 signals an analyte 
concentration exactly twice the known IRS 
concentration in the sample. It is usually safe to 
assume that such a linear assumption may hold, with 
an accuracy of approximately 10% or better, for 
analyte/IRS concentration ratios between 
approximately 1/3 and 3 times the ratio at which the 
original calibration was performed (i.e., over about 
a factor of 10 in concentration) . When this 
assumption of linearity is valid, the relationship 
between analyte concentration and internal reference 
mass spectrometric response may be determined using 
a single calibratio n sample and this approach is 
known herein as the single point calibration method! — 

By way of illustration, suppose signal A for 
analyte A of known concentration 1000 has a magnitude 
of 10 units, and signal B for analyte B of unknown 
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concen-tration has a magnitude of 7,2 units, and it 
is )cnown from prior calibration that equal 
concentrations of both analytes will yield equal mass 
spectral signals. In calibrating A's signal, each 
5 unit of A's magnitude represents a concentration of 
1000/10 or 100. Analyte B's concentration is 
therefore 7.2 x 100 or 720 units. If equal 
concentrations of A and B yield different mass 
spectral responses the calibration must include the 

10 ratio of the mass spectral responses. For example, 
if the mass spectral signal for a given concentration 
of A were 1/2 the mass spectral signal for the same 
concen-tration of B, then the concentration of B 
corresponding to a signal magnitude of 7.2 units in 

15 the above example would be 720/2 units, or 360 units. 

For simple ratio quantification of analytes in 
separate specimens, the specimens (with internal 
reference species present) are each mass spectro- 
metrically immunoassayed with an affinity reagent 

2 0 having an affinity for each antigen or antibody being 
looked for in the relevant specimen, and for the 
internal reference species. The resulting mass 
spectra are normalized using the internal reference 
species signals then the signal of the analyte of 

25 \inknown concentration is calibrated against the 
signal of the analyte of known concentration as 
described in the hypothetical example above. 

b) For situations where the analyte/IRS 
concen-tration ratio is expected to vary over more 

3^ than a factor of~r07~or-where— the— relationship— is^ 
expected to be non-linear, or where greater accuracy 
is required, the relationship between analyte/IRS 
concentration ratio and analyte/IRS signal ratio may 
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be determined over as large a range as desired by 
making a series of preparations with varying 
analyte/IRS concentration ratios in which the analyte 
concentrations span the expected analyte 
concentration range. The greater the number of 
prepar-ations, the more accurately the relationship 
between analyte/IRS signal ratio and analyte 
concentration will be determined. The antibody or 
antigen analyte used to make the preparations is 
generically termed the prepar-ation analyte, or 
specifically termed the preparation antigen or 
preparation antibody. The preparations either 
contain the same internal reference species in the 
same concentration as the specimen, or a 
concentration known relative to that in the specimen. 
After sxibjecting each sample to mass spectrometric 
immunoassay, the ratios of the analyte mass 
spectrometric responses to the corresponding internal 
reference species mass spectro-metric responses are 
plotted as a function of the known ratios of the 
analyte/internal reference species concentrations for 
each sample. The resulting relationship, or working 
curve, may be expressed in a variety of ways, 
including, but not limited to, a graph, a 
mathematical relationship or computerized data. 

If the. analyte (antigen or antibody) is present 
in the specimen, as evidenced by an analyte mass 
spectral signal on the specimen mass spectrum, then 
~the alTalyte~~can-be-quantified-by— locating~the~point— 
on the working curve relationship (ultimately a 
mathematical relation^ship) appertaining to the 
magnitude of the analyte/IRS signal ratio and 
determining the analyte concentration that 
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corresponds to that point, given the known IRS 
concentration. As an alternative to the generation 
of a working curve spanning a wide range of analyte 
concentrations, over which the working curve 
5 relationship might be expected to be non-linear, or 
for extremely rapid deterainiation of analyte 
concentrations directly from the mass spectrum, a 
unique bargraph quantification method may be used. 
The bargraph quantification method requires the 

10 presence of several distinct internal reference 
species in. the analytical sample, each at a different 
and known concentration and differing in mass from 
the certain antigen or antibody and each other 
sufficiently to be distinguishable in the mass 

15 spectrxim. Because the concentrations of the internal 
reference species must be known, the internal 
reference species are typically added to the 
specimen, not intrinsic thereto. Mass spectrometric 
immunoassay of the specimen is then executed using an 

2 0 affinity reagent having specific affinity for each 
internal reference species and for the certain 
antibody or certain antigen being looked for in the 
specimen. The resulting mass spectrum will contain 
a mass spectral signal for each internal reference 

25 species and a mass spectral signal for the certain 
antigen or certain antibody, if present. 

Preferably, the internal reference species are 
all modified variants of the analyte being mass 
spectro-metrically immunoassayed so that the internal 

30 reference species are capable of "being captured"by"a~ 
single affinant, and the mass spectral signals all 
neighbor one another on the mass spectrum. Each 
distinct int mal reference species must have a 
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molecular weight sufficiently different from the 
other internal reference species so as to be 
resolvable in a single mass spectrum. In addition, 
it is preferable that the range of concentrations 
covered by the internal reference species span the 
concentration range in which the analyte is 
reasonably expected to be found. It is not necessary 
that the different internal reference species be 
captured by the affinity reagent with the same 
efficiency as either the analyte or each other; the 
different internal reference species are each simply 
added to the analytical seunple at concentrations 
which produce mass spectral signals that have the 
same amplitude as the signal that would be produced 
by a known concentration of the analyte. 

With this bargraph mass spectriim, the analyte 
can be quantified in at least three ways: 1) by 
interpolating the analyte 's mass spectral signal 
magnitude to the magnitude of the internal reference 
species mass spectral signal immediately above and 
below the analyte mass spectral signal, normally 
assuming a linear relationship between signal and 
concentration in this range, or 2) by estimating the 
analyte concentration by simple visual comparison of 
the analyte mass spectral signal and the nearest 
internal reference species signal (in magnitude) 
without computation/ or 3) by certifying that the 
analyte signal, and therefore the analyte 
concentration, is above or below the signal level due 
to a reference^p"e~cies~corresponding-to-a-previously-- 
determined analyte concentration. This previously 
determined analyte concentration may be chos n to 
sp cify the pres nee or absence of a specific disease 
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or condition. Since, iinder the bargraph strategy, 
the analyte is the certain antigen or certain 
antibody present in the specimen, the (juatntif ication 
of the analyte directly quantifies the certain 
antibody or certain antigen. The advantage of the 
bargraph approach is apparent in that the calibration 
scale is built into the mass spectrum giving 
exceptional immunity to instrumental and sample 
variations, and extremely rapid direct readout. For 
the most accurate analysis strategy (l) above is 
used, and the accuracy of this approach may be 
improved as necessary either by choosing the internal 
reference species concentrations to produce mass 
spectral signals which are closely spaced and near 
the analyte mass spectral signal, or by calibrating 
the analyte concentration range between those analyte 
concentration values specified by the internal 
reference species signals by using a number of 
standard preparations containing analyte 
concentrations within the concentration range to be 
calibrated. 

The standard addition approach is another 
strategy for determining the relationship between the 
analyte/IRS signal ratio and the analyte/IRS 
concentration ratio. In this approach, separate 
calibration preparations are not required. Instead 
the effect on the analyte/IRS signal ratio of 
changing the concentration of the analyte in the 
a nalytical sample by a known amount is determined. 
Most directly, the analyticar sampIeT^to—which— an- 
internal reference species has been added, is divided 
into several divided samples, at a minimum two. The 
first divided sample is mass spectrom trically 
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inmxinoassayed and an analyte/IRS signal ratio 
determined from the resulting addition-absent mass 
spectrum. To the other divided sample or samples 
various taiown amounts of the analyte, or an analyte 
counterpart, are added to increase the concentrations 
of the analyte, or the analyte counterpart, by 
various known amoxints. These samples similarly are 
mass spectrometrically immunoassayed resulting in a 
series of addition-present mass spectra, from which 
the analyte/IRS signal ratios are determined. ft 
analyte/IRS signal ratios in the addition-present 
mass spectra are then used to determine the analyte 
concentration in the addition-absent sample. This is 
preferably done by using the addition-present 
analyte/IRS signal ratios closest in magnitude to the 
addition-absent analyte/IRS signal ratio to establish 
a mathematical relationship between changes in 
magnitude of the analyte/IRS signal ratio and the 
corresponding concentration change in the antibody or 
antigen due to the standard addition. This 
mathematical relationship may be expressed in a 
variety of ways, including but not limited to a line, 
a mathematical function, a graph, or computerized 
data . The standard addition mathematical 

relationship is then extrapolated to the intercept 
point for zero mass spectrometric response. The 
intercept point's value for standard addition 
concentration will be in negative units. The 
-^bsQlutejyajAie^f^ ^ value infer entially represents 

the concentration of the analyte irT the specimen^ 

Less preferably, a standard addition analysis 
may be performed in s rial fashion without dividing 
the original sample. In this approach, th 



wo 96/37777 



PCT/US9dy07522 



- 43 



analytical Sfample, to which an internal reference 
species has been added, is mass spectrometrically 
isuDunoassayed using an inciibation procedure designed 
to capture only a small fraction (for example, less 
5 than 5%) of the analyte and IRS, and an analyte/IRS 
signal ratio determined for this addition*absent 
S2unple. A known amount of analyte, or an analyte 
counterpart, is added to the original sample, 
increasing the concentration of the analyte, or 

10 analyte counterpart, by a known amoxint, and again the 
sample is mass spectrometrically immiinoassayed using 
an incubation procedure designed to capture only a 
small fraction (for example, less than 5%) ot the 
analyte and IRS. An analyte/IRS signal ratio is 

15 similarly determined for this addition-present 
sample. Further addition-present samples may be 
prepared by increasing the concentration of the 
analyte or analyte counterpart by further known 
amounts and these samples may be similarly mass 

2 0 spectrometrically immunoassayed to determine further 

analyte/IRS signal ratios. 

The analyte/IRS signal ratios in the addition- 
present mass spectral signals are then used to 
determine the analyte concentration in the addition- 

25 absent sample exactly as in the parallel standard 
addition approach. Since mass spectrometric 
immunoassay of each addition-present sample serves to 
calibrate a seunple in which the concentration of the 

~ anaiyte-di-f-fers-from-the_analyte concentration in the 

3 0 addition-free sample by an amount which depends on 

the amounts of analyte captured in the preceding mass 
spectrom trie immunoassays, it is apparent that the 
accuracy of this procedure will only b acceptable if 
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the amount of analyte captured in each successive 
step is small, for example if 5% of the analyte is 
captured in the mass spectrometric imnxinoassay of the 
addition-free seunple and mass spectrometric 
immunoassay of a single addition-preseht sample is 
performed, the analyte concentration determined 
thereby would be in error by 5%. 

The relative signal approach compares two 
analyte signals to each other where the 
concentrations of the analytes in the specimens are 
unknown. Often times the precise concentration of an 
antibody or antigen is not the information needed. 
Rather, knowing whether the antibody or antigen is 
present in levels at, below, or above the level of 
another antibody or antigen is what is needed. It is 
irrelevant whether a nximerical figure is reached 
because only the relative relationship matters. To 
compare two or more analyte concentrations to each 
other by means of their mass spectrometric 
immunoassay responses, it is necessary only to know 
the relative response of the analytical process to 
each analyte, i.e., the relative amplitude of the 
mass spectrometric signals when each analyte is 
present in a calibration sample at identical 
concentrations (or at a concentration ratio which is 
known). In this strategy, a separate internal 
reference species is not required because each 
analyte serves to normalize the other, i.e., both 
ana-l-ytes-are-subjected_to-identical-affinity_capture_ 
procedures and to identical mass spectrometric 
procedures. 

The relative signal and simple ratio 
quantification methods share some similarities. Both 
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compare the mass spectral sicrnals of one analyte to 
another analyte. The two analytes can originate from 
one specimen, thus involving only one mass spectrum, 
or can each originate from separate specimens, thus 
involving two mass spectra. It is not necessary that 
the analytes have identical molar responses, i.e., 
affinity constants and desorptioix/ionization efficiencies. 

It is apparent that either approach can be used 
for the quantification of more than two analytes 
and/ or involve more than two specimens. It is also 
apparent that the analytes from multiple samples may 
be the same type of analyte, or different. 
Therefore, the following descriptions are meant to 
include multiple specimens and/or multiple analyte 
immunoassays. 

When two or more specimens are involved, both 
the simple ratio and relative signal quantification 
methods require that an internal reference species be 
present in each specimen sample in the same 
concentration to normalize the mass spectra. If one 
specimen is used, signals for the two analytes must 
be distinguishable in the mass spectrum, and no 
normalizing internal reference species is necessary. 
It is apparent that the two analytes whose mass 
spectral signals are being compared in a single 
sample are used to quantify either or both of the 
analytes and are essentially acting as amalyte and an 
internal reference species, i.e., in qualitative and 
gl^aIltj^atl^^^ time. Therefore, 

to avoid confusion of terms, "intemar~refefence— 
species" is used in connection with the relative 
signal and simpl ratio quantification methods to 
m an the antibody or antigen occupying the normalizer 
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role. An "analyte*^ is used to mean the antigen or 
antibody acting in both a qualitative and 
quantitative role. 

For relative signal quantification of analytes 
in separate specimens, the specimens (with internal 
reference species present) are each mass spectre- 
metrically immunoassayed with an affinity reagent 
having an affinity for each antigen or antibody being 
looked for in that specimen. The resulting spectra 
are normalized, then a comparison of the analyte 
signals made to determine which analyte is of greater 
or lesser concentration. By way of illustration 
only, suppose two blood samples from the same person 
taken at different times are mass spectrometrically 
immunoassayed to determine whether there is a change 
in the level of antigen X. Affinity reagent having 
an affinity for antigen X would be used in the mass 
spectrometric immunoassay of both szunples. The two 
mass spectra would each show a mass spectral signal 
for antigen X and the internal reference species. 
After normalizing the spectra, the two antigen X 
signals could be compared to see if the level of 
antigen X had dropped or risen in the intervening 
time between taking the samples. The aUssolute 
concentration of X in either sample can not be 
determined without further calibration, but the 
amplitude of the relative change may be determined. 

In the simple ratio quantification strategy, two 
_anal yte mass spectral signal s are compared where one 
of the analyte signals originates from a specimen 
where that analyte ^s concentration is known. Unlike 
th relative signal method abov , a numerical 
quantification results. The unknown concentration 
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analyte signal is calibrated against the known 
analyte nass spectral signal to determine the 
concentration of the unknown analyte in that 
specinen. 

For simple ratio quantification of two analytes 
in the same specimen, the specimen is mass 
spectrometrically immxinoassayed with an affinity 
reagent having an affinity for each antigen or 
antibody being looked for in that specimen. The 
resulting mass spectrum will contain a signal for 
each analyte which was present in the specimen. 
Where two signals result, calibration of the 
magnitude of the signal corresponding to the analyte 
of known concentration to the magnitude of the signal 
of the analyte of unknown concentration determines 
the concentration of the other. 

To further aid in the understanding of the 
present invention, and not by way of limitation, the 
following examples are presented: 

EXAMPLE 1 

In one practice of the present invention, a 
single analyte, myotoxin a, was detected in human 
whole blood using the affinant, anti-myotoxin a, as 
a constituent of the affinity reagent, and then 
quantified using a working curve strategy. Myotoxin 
a is one toxin found in the venom of the prairie 
rattlesnake, Crotalus vixidis viridis (C. v. viridis) , 

The antibody, anti-myotoxin a immunoglobulin IgG 
"affini'ty-p-ari-fi-ed-from-rabbit-antiserum— was-used-to- 
prepare the affinity reagent as follows. One 
milliliter of antibody solution (the solution 
contained the antibody at 5 mg/mL in O.OIM 
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tri s[Hydroxynethyl] Minomethane , pH 8.2 (tris)) was 
incubated for two hours (gentle agitation at room 
temperature) with 1 mL of slurried 6 % agarose beads 
on which protein A was supported. Following 
inctibation, the beads were washed (3 x 1 nL tris) and 
allowed to react at room temperature with 500 mL of 
0.02 M dimethylpimelimidate dihydrochloride prepared 
in 0.2 M triethanolamine (pH 8.2). The reaction was 
stopped after one hour by washing (3 x 1 mL) with 0.2 
M triethanolamine followed by one milliliter 0.2 M 
sodium citrate buffer (pH 2.8). The reagent was 
finally washed (3 x 1 mL) with tris and resuspended 
in 500 ML of the same buffer. 

Stock hximan blood (SB) was prepared after 
intravenous retrieval by immediately diluting to ten 
times volume with normal saline to prevent 
coagulation. Three specimens were prepared from this 
diluted stock blood by combining 50 ^L SB, 150 ^L 
tris and 2 mL aliquot of C.v.viridis venom at a 
concentration of 0.2 mg/Ml (resulting after dilution 
in a concentration of 0.002 mg/mL venom). 

An internal reference species for the 
quantification of myotoxin a was prepared by lysine 
conversion of myotoxin a to homparginine (H-myotoxin 
a) . The lysine modification was carried out as 
follows: myotoxin a (final concentration « 10 mg/mL) 
was dissolved in 0.5 M O-methylisourea, which was 
adjusted to pH 11.0 with 8.0 M NaOH. The solution 
was_jjicubated^^^ The reaction was 

stopped by addition of an equal volume of 1 M sodium" 
dihydrogen phosphate at pH 5.0. The mixture was then 
desalted with, an Amicon ultracentri-fugation d vice 
fitted with a PM-2 membrane filter at 4^c. The 
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resulting solution was lyophilized and stored for 
futxxre use in a desiccator at -20*C. The 
modification resulted in the conversion of each of 
the ten lysine residues to a guanidinitam group, 
giving a total shift in nass of 420 Da. 

Three microliter aliquots of slurried affinity 
reagent were incxibated for 45 minutes with a 200 mL 
volume of the specimen containing 0.002mg/mL whole 
venom and 40nM (nanomolar) H-myo toxin a. The 
affinity reagent, now containing myotoxin a affinity 
bound to the retained anti-myotoxin a, was then 
physically separated from the specimen by forcing the 
entire 200 (microliter) volvune through the 

backside of a P-10, 10 mL filter pipette tip thereby 
retaining the affinity reagent on the filter. The 
affinity reagent was then washed by forcing rinses (2 
X 1 mL 0.1% Triton X-100, 2 x 1 mL trls, 1 mL triply- 
distilled water) through the P-10 tip. 

After the final rinse, foUr' microliters of the 
MALDI- matrix, ACCA (a-cyano-4-hydroxycinnamic acid 
saturated in 1:2, acetonitrile: 1. 33% aqueous 
trifluoroacetic acid) , was drawn through the p-io 
tips and over the retained affinity reagent thereby 
disassociating and enabling laser 
desorption/ionization of the myotoxin a and H- 
myotpxin a. The whole volume was then immediately 
driven out of the P-lO tip and placed directly onto 
a mass spectrometer probe tip and allowed to air-dry 
before-ins.erti on into the vacuum system of the ma ss 
spectrom-eter. The time required for sample 
preparation was approximately one hour. 

Matrix-assisted laser desorption/ionization 
time-of-f light mass spectrometry of the dried 
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arterial on tha mauu spsc^roMtcr preba tip was than 
patfonaad on a llnaar tlae-of-fllght aaas 
spectroiaetar. Tha Instruaant conslstad ot a 30 
kllovolt two-staga acoeleratlon souroa follevad by a 
1.4-Batar fiald free drift region containing a 
particle wire guide. A frequency-tripled NdtXAG (355 
n») laser (lAinoniee By 400) was \aaed for 
desorption/ionization. ion signals were detected 
using a hybrid nicrochannel plate/discrete dynode 
electron aultlplier and recorded using a soo ms/s 
transient recorder (TEKTROHix TDS 52 OA) capable of 
fast signal averaging. The laser irradiance was 
adjusted during signal averaging whila nonitoring the 
mass spectra on a saapling oscilloscope (TBKTRonix 
TDS 310), in order to achieve optiaua ion signal 
(significant signal versus Maxiaua resolution). 
Time-of-flight spectrua was generated by signal 
averaging 50 laser shots into a single spactrua and 
transferring the data to an XBK coavatible parsenal 
conputer. Data was processsd using the coaaercially 
available software, lABCKUC (Galactic Industries). 
The tiae-of-flight aass spectrua vas obtained in the 
positive ion aode and externally calibrated with a 
calibration equation generated using horse heart 
cytochroae c (aolacular weight (MH) of 12,360 Da). 

The resulting aass spectrua is reproduced in 
FXa. a, clearly Showing a aass spectral signal for 
ayotoxin a at NW - 4,832 Da., and a aass 

spectral signal for the aodified variant H-ayotoxin 
a, at MH - 5,242 Da., -8-. 

A 200 ML voluae of a second speclaen containing 



~o7ooa~ig7iirof i*hole^en«r-ln-huaan-whoie-blood-and 
40nM H-ayotoxin like the first saaple above, was 
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mixed with the MALDI matrix, sinapinic acid (a-cyano- 
4-hydroxycin-namic acid satiirated in ■ 1:2, 
acetonitrile:1.33% aqueous trifluoroacetic acid) , and 
placed on a mass spectrometric probe tip. After 
drying, the sample vais then placed in a time-of- 
f light mass spectrometer and MALDI mass spec- 
trometrically analyzed. The resulting mass spectrum 
is reproduced in FIO. 3 showing no signals for either 
of the myotoxin a species, rather, the mass spectrum 
is domi-nated by signals due to hemoglobin, i.e., 
hemoglobin A and B chain signals are observed at - 
16,000 Da (and doubly-charged at - 8,000 Da). This 
example demonstrates the necessity of affinity 
capture and isolation prior to MALDI masi? 
spectrometric analysis to detect myotoxin a. 

The myotoxin a in the first specimen above 
containing 0.002 mg/mL of whole venom and 40 nM H- 
myotoxin a, was then quantified using a working curve 
strategy, six preliminary samples which consisted of 
50 nL SB, 150 ML tris, and 2 mL x 0.02 mg/mL of the 
H-myotoxin a internal reference (40 nM in each 
sample) were prepared. To each preliminary sample an 
aliquot of either 5, 10, 20, 30, 40 or 50 nL of a 
purified myotoxin a solution (0.002 mg/mL) was added, 
resulting in a myotoxin a concentration range of io 
nM to 100 nM. Each preliminary sample was then mass 
spectrometrically immunoassayed as was the first 
specimen except that three 50-laser shot mass spectra 
were-acquir.ed_for_each_sample rather than one. A 
specimen containing 2 mL aliquot of C.v.vlridis venom 
at a concentration of 0.2 mg/mL (resulting after 
dilution in a concentration of 0.002 mg/mL) was 
treated in th same manner. 
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A «wt-point nonal worXiag curve va. gsnerated 
from the .paotra data of the preXi.iBary 

.^Plea. The .aaa .pectr. of the .peclmen and all 
six preliminary sample, vere nor«ili«ed to the signal 
intensity of the H-myotoxln a. th. relative si^i 
intensity of the myotoxin a i„ the prellmlwiry 
samples (the average of the three speetra) was then 
plotted as a function of myotoxin a concentration 
thereby generating a six point working curve, wxq 
4 Shows the working curve which relates th'm 
concentration of purified myotoxin a with the 
normalised signal lnt«,sity of the myotoxin a. 
Indicated at -5- is the normalised intensity observed 
for the specimen. The concentration of myotoxin a in 
the specimen was determined to be 2SnM. 

EXAMPLE 2 

o on/'''*?''^" • ^ • ^^"'^ ••■P*« containing 

0.002 mg/mL of C.v, ^Iridis veno. w,. guantifiJ 

«"Plcying the bargraph quantification strategy, 
introduced into the sample were multiple inter^I 
reference species of myotoxin a which had been 
lodinated (at the tyrosine residues) using the 
following procedure.. Xodobeads (Pierce) were washed 
two times with 0.1 k sodium phosphate at pR 7.0, then 
incubated for five minutes with 0.4 M sodium iodide 
in a 0.1 M sodium phosphate solution at pn 7.0. An 
equal volume of myotoxin a, 2 mg/mL in buffer, was 
added to the sodium iodide/iodobead solution. Two 
l^obeads were used for each milligram of myotoxin a. 
The mixture was incubated overnight (-10 hour.) at - 
room temperature, after which the reaction was 

stopped-by-remaval-of_the_iodobeads ^«»e_modified-__ 

protein was desalted and stored as described above 
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I? !!°!"" ~«af d 1„ the production of four 

MTiting the aolecular weight of .yotoxln a by 126 Da 
(the dlffer«,c. betw.«» the etomlc weight of lodln. 
and the atomic waight of the displaced proton). 
l»«uno«.«ay and «aa. apectral procedure, were the 
saae ae deacrlbed in Xxaqple 1, 

The internal reference species coaprleing the 
bargraph were calibrated against Jcnown concentrations 
Of purified »yotoxin a («si„g th, calibration 

rirr" ^^^^"^ once the 

relaticnships between the signal intensities of the 
inyotoxxn - and the internal reference specie, was 
a^tabllehed, the concentration of loyotoxin a present 
in the saaple could be detennlned, at a glance ^ 
co^elation with the internal reference' p^!^' ^ 
closest intensity. Por the ex«nple shown in ,io. s 
concentrations of 20, 100, i3o end 30 nH ar; 
indicated by the signal intensities of the first 
through fourth MV, -o-, -b-. „^ 

fi^T^ T •^•'^ ^ the 

'ir.t and fourth MV, it is determined that the 
-yotoxm a concentration is in the range of 20 to 30 

EXAMPLE 3 

sionar"* / • -^"^l-poiitt relative 
•Ignal strategy for quantifying and detectina 
-yotoxm a in hu«n blood. a hu.»n bloi 
containing an unknown concentration of ayotoxln « and 
« 30nM oone«»tratlon of H-nyotoxin a was prepared 
Jfcj^g!U»«gi-gP_ggtro»e^ ^ iMunoas.aved 
to the protocol. ot^^um^^^rT^^^^^^r'^^-^ii^i^ 



wo 96/3T777 



PCT/US^/07525 



- 54 - 

mass spectrum shows mass spectral signals for 
myotoxin a, and H-myotoxin a, -J-, at their 

respective molecular weights. The relative mass 
spectrometric responses of myotoxin a and H-myotoxin 
a may be determined from the mass spectrum of Fig. 2 
in which the concentrations of both species are )cnown 
(25 nM myotoxin a, from the working curve 
calibration, and 40 nM H-myotoxin a) . From this 
calibration it may be determined that equal 
concentrations of the two analytes give a 10% lower 
signal for H-myotoxin a. The myotoxin a signal is 
3.5 times the H-myotoxin a signal for a known 30 nM 
concentration of H-myotoxin a. Therefore the 
myotoxin a concentration is calculated to be (30 nM 
X 3.5/1.1) or 95 nM. 

EXAMPLE 4 

A multiplex mass spectrometric immunoassay was 
performed to simultaneously detect the presence of 
myotoxin a and Mojave toxin in human blood. 

The protocols of Example l above were followed 
with two exceptions. First, anti-myotoxin a and 
anti-Mojave toxin basic subunit immunoglobulins IgG 
were immobilized on 6 % agarose beads resulting in an 
affinity reagent containing antibodies towards both 
myotoxin a and Mojave toxin. Second, the specimens 
of hioman blood contained 0.002mg/mL of the whole 
venom of the Mojave rattlesnake, Crotalus scvtulatus 
scvtulatvs (C.s. scvtulatus), rather than the venom 
—O-f- C. V. vixi dis b and the spec imens did not contain the 
internal reference species, H-myotoxin a. Tfie~venbln~~ 
of the C.s. scvtulatus contains both myotoxin a and 
Mojave toxin. 

the mass sp ctrum resulting from the complet 
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mass spectrometric immunoassay of a specimen is 
reproduced in yzo. 7, clearly shoving a mass spectral 
signal for myotoxin a at MW « 4,822 Da., -K*-, and 
Mojave toxin at MW » 14,175 Da., -L-. Also observed 
5 in the mass spectrum are signals due to the 
hemoglobin present in the blood sample (A*- and 
chains at MW of 16,000 Da). These did not prove a 
serious complication to the assay as the toxin 
signals are clearly observed at resolved values. 

10 Mere MALDI mass spectrometric analysis of 

another identical specimen without affinity capture 
and isolation of myotoxin a and Mojave toxin yielded 
a mass spectrum with no discernable signals for the 
toxins similar to that shown in rzo. 3. 

15 EXAMPLE 5 

Example 5 demonstrates the detection and 
quantification of the blood serum protein o-l-acid 
glycoprotein (hence AlAG) using a mass spectrometric 
immunoassay in which the internal reference species 

20 is intrinsic to the biological system was performed. 
The internal reference species in this example is 
human serum albumin (hence HSA) , another blood serum 
protein. A working-curve method was employed. The 
example was performed, to demonstrate principle, in 

25 a solution of normal saline. 

Five preliminary seunples were prepared 
containing a constant concentration of HSA to serve 
as the internal reference species, and also 
containinq^AlA G in the range of 2.5 nM to 27.5 nM. 

30 Each preliminary preparation was mass, 
spectrometrically immunoassayed with a separate 
affinity r agent made of both an immobilized antibody 
to HSA and an immobilized antibody to AlAG. The 
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resulting mass spectnim from one of the preliminary 
preparations (containing 27.5 nM AlAG) is shown in 
PIG. 8 with the HSA signal at -H- and the AlAG signal 
at All resulting mass spectra in this example 

were normalized to the HSA signal, and the normalized 
signal intensities of the AlAG were then used to 
construct the working curve depicted in FIG. 9. 

An analytical sample, known to contain 12.5 nM 
AlAG was mass spectrometrically immunoassayed under 
similar conditions for the preparations above. The 
resulting AlAG signal was within that represented on 
the 5-point working curve of FIG. 9 and is shown at 
point -o- corresponding to an AlAG concentration of 
-12.5 nM which verifies the accuracy of the working 
curve quantification method 

EXAMPLE 6 

The use of mass spectrometric immunoassay and 
the standard addition quantification strategy to 
detect and quantify myotoxin a in human blood laced 
with the venom of the Mojave rattlesnake, 
C. s. scutulus was performed. The venom of the Mojave 
rattlesnake contains both myotoxin a and Mojave 
toxin. The Mojave toxin intrinsic to the specimen is 
used in this example as an internal reference species 
to quantify myotoxin a. 

A venom-laced blood sample was first divided 
equally amongst five separate containers. Aliquots 
of purified myotoxin a were added to each container, 
resultin g in the samples poss essing myotoxin a 
concentrations of 0, 180, 540, 890 and 1250 nM over 
that intrinsic to the sample. All five samples were 
then mass sp ctrometrically immunoassay d according 
to th protocols of Example 4 and the resulting mass 
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spectra normalized to the Mojave toxin signals. TM. 
10 reproduces the results from the standard addition 
analysis in which myotoxin a was added at a 
concentration of 1250 nM over the intrinsic level. 
The signals for myotoxin a and Mojave toxin are 
observed at -P- and respectively. 

The normalized myotoxin a signals were then 
plotted as a function of the concentration of 
myotoxin a (added) , and the points fit with a 
straight line as shown in Fig. 11. The standard 
addition line was then extrapolated to the baseline 
(concentration of added myotoxin a). The intercept 
point, indicated the concentration of myotoxin 

a intrinsic to the specimen to be 190 nM. 

EXAMPLE 7 

A multiplex mass spectrometric immunoassay was 
performed to detect myotoxin a and Mojave toxin in 
human blood. The myotoxin a was then quantified 
using the bargraph approach and the Mojave toxin was 
quantified using a working curve in which the doubly- 
iodinated species serves as an internal reference 
species. A venom laced blood sample and affinity 
reagent were prepared according to the protocols 
outlined in Example 1 with two exceptions: l) the 
venom used to lace a haman blood sample was that of 
C.s. scvtulatus, and 2) two antibodies, anti-myotoxin 
a and anti-Mo jave basic subunit, were present in the 
antibody solution used to prepare the affinity 
reag ent. 

The mass spectrometric immunoassay~^foceeded~as— 
outlined in Example 1 with the iodinated modified 
variants of myotoxin a described in Example 2 
introduced into the sample as internal reference 
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species. Calibration of the bargraph was as in 
Example 2 and the working curve as in Example 6 with 
the doubly-iodinated species of myotoxin a serving as 
the internal reference. The mass spectrxua resulting 
from the analytical sample containing 0.001 mg/mL 
C. s. scutulatus is shown in 710. 12. Mass spectral 
signals are observed at 4,822 Da, -8-^, indicating the 
presence of myotoxin a; and 14,175 Da, -T-, 
indicating the presence of Mojave toxin basic 
subxinit. The iodinated myotoxin a signals are also 
observed at - 4,950 - 5,320 Da, -D-. 

The myotoxin a signal registered between that of 
the 1st and 4th iodinated species indicating a 
concentration between 2 and 3 nM. From the working 
curve it was determined that the Mojave toxin basic 
subunit concentration was 15nM ± 2.5nM. 

EXAMPLE 8 

The mass spectrometric immunoassay method of 
determining the^ presence of one or more specific 
antibodies in sera was performed. The method 
involves retrieval of a portion of the general 
antibody population present in a sample, and use of 
this portion to construct the affinity reagent. The 
affinity reagent is then screened with specific 
antigens. Antigens are retained by the affinity 
reagent if the specific antibody is present in the 
original sample, and will register in the mass 
spectrum (indicating the presence of the specific 
antibod y)^; 

The specimen was that of blood serum drawn from 
a rabbit immunized against the toxin, o-cobratoxin. 
The affinity reagent was prepared by mixing 25 mL of 
protein A supported on 6% agarose beads with a 
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solution containing 50 mL of the serxm and 50 mL of 
0 . 0 IM tris[ Hydroxymethyl ] aminomethane , pH 8.2 
(tris)) and incxibated for two hours (gentle agitation 
at room temperature) . Following incxibation, the 
5 beads were washed (3 x 100 mL tris) and allowed to 
react at room temperature with 50 of 0*02 M 
dimethylpimelimidate dihydrochloride prepared in 0.2 
M triethanolamine (pH 8.2) . The reaction was stopped 
after one hour by washing (3 x 100 mL) with 0.2 M 

10 triethanolamine followed by 100 mL of 0.2 M sodium 
citrate buffer (pH 2.8). The affinity reagent was 
finally washed (3 x 100 mL) with tris and resuspended 
in 50 mL of the same buffer. 

A preparation containing multiple antigen 

15 species was prepared and MALDI mass spectrometrically 
analyzed. The resulting mass spectrum in PIG. 13 
shows multiple signals corresponding to multiple 
antigens in the preparation. The singly charged 
signal for a^cobratoxin is identified at -V- at the 

2 0 molecular weight of 7,822 Da. 

The affinity reagent was then incubated with the 
preparation following similar mass spectrometric 
immunoassay protocols already described to see which 
of the antigen species from the preparation of 

25 screening antigens were retained. The resulting mass 
spectriim is shown in PIG. 14. A signal at the mass- 
to-charge ratio of o-cobratoxin at 7,822 m/z 
(molecular weight 7,822 Da), indicates the 

retention of g-cobratoxin by the affinity reagent, 

3 0 which in turn indicates the presence of anti-a- 

cobratoxin present in the serum from which the 
affinity reagent was made - 

From the foregoing, it is readily apparent that 



w 96mm 



fCT/US9&V7522 



- 60 - 



new useful rabodiaents of the present Invention hev« 
been herein daecrlbed end illuatreted which fulfills 
ell of the eforesteted objeotivea in e reaarkably 
unejepocted feshion. It is of course undsrstood thet 
such modifications, alterations and adaptations as 
may readily ooour to the artisan confronted with this 
disclosure are intended within the spirit of this 
disclosure which is limited only by the scope of the 
claias appended hereto. 



Claims 



A method for simultaneously determining whether 
a specimen contains any of one or more certain 
antigen species, comprising the steps of: 

capturing and isolating each of said 
certain antigen species from said specimen an 
affinity reagent having a specific affinity for 
each said certain antigen species; and 

detecting the presence of said isolated 
certain antigen species using mass spectrometry 
to determine whether each said certain antigen 
species was present in said specimen. 

The method of claim 1, further including the 
steps of: 

immobilizing at least one antibody onto a 
solid substrate to produce said affinity 
reagent ; 

combining an effective amoiant of said 
affinity reagent with said specimen until said 
affinity reagent binds with each of said 
certain antigen species that is present in said 
specimen to produce a post-combination affinity 
reagent and an unbound remainder; 

separating said post-combination affinity 
reagent from said unbound remainder to form an 
isolated post-combination affinity reagent; 

adding a laser desorption/ionization agent 
to said isolated post-combination affinity 
reagent to form a mass spectrometric mixture; 
and 

mass spectrometrically analyzing said mass 
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spectronetric mixture to produce a mass 
spectrum, said mass spectrum indicating whether 
said specimen contained each said certain 
antigen species by exhibiting a mass 
spectrometric response located at the unique 
mass-to-charge ratio of each said certain 
antigen species. 

The method of claim 2 further including the 
step of adding a disassociation agent to said 
isolated post-combination affinity reagent 
prior to said adding laser 
desorption/ioniration agent step. 

A method for determining how much of one or 
more certain antigens are present in a 
specimen, said method comprising the steps of: 

adding an internal reference species to 
said specimen when said specimen does not 
already contain an internal reference species; 

capturing and isolating said certain 
antigen or antigens and said internal reference 
species from said specimen, with an affinity 
reagent having a specific affinity for said 
certain antigen or antigens and said internal 
reference species; 

making a single reference sample 
containing a known concentration of a reference 
■antigen for each said certain antigen wherein 
each said reference antigen is said certain 
antigen or a counterpart thereof; 

adding said internal refer nee species to 
said reference sample such that the ratio of 



the concentration of said internal reference 
species in said reference sample to the 
concentration of said internal reference 
species in said specimen is known; 

immobilizing at least one antibody on a 
solid sxibstrate to produce said affinity 
reagent; 

combining an effective amount of said 
affinity reagent with said specimen to produce 
a specimen post-combination affinity reagent 
and an unbound remainder; 

separating said specimen post-combination 
affinity reagent from said unbound remainder to 
form an isolated specimen post-combination 
affinity reagent; 

adding a laser desorption/ionization agent 
to said isolated specimen post-combination 
affinity reagent to form a specimen mass 
spectrometric mixture; 

mass spectrometrically analyzing said 
specimen mass spectrometric mixture to produce 
a specimen mass spectrum having a mass 
spectrometric response f6r each of said certain 
antigen species present in said specimen 
located at the respective unique mass-to-charge 
ratio of each said certain antigen species, and 
a specimen internal reference species mass 
spectrometric response located at the unique 
mass-to-charge ratio of said internal reference 
species; 

combining an effective amount of said 
affinity reagent with said single reference 
sample to produce a reference sample post- 
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antigen to determine the concentration of saici 
certain antigen. 

The method of claim 4, wherein a plurality of 
distinctive internal reference species are 
added to said specimen in varied and known 
concentrations, each said concentration being 
chosen to produce a different mass 
spectrometric response after mass spectrometric 
immunoassay which is characteristic of the mass 
spectrometric response produced by known 
concentrations of each said certain antigen 
after mass spectrometric immxinoassay, said 
method further including: 

immobilizing at least one antibody onto a 
solid substrate to produce said affinity 
reagent ; 

combining an effective amount of said 
affinity reagent with said specimen until said 
affinity reagent binds with each of said 
internal reference species and each of said 
certain antigen species that is present in said 
specimen to produce a post-combination affinity 
reagent and an unbound remainder; 

separating said post-combination affinity 
reagent from said unbound remainder to form an 
isolated post-combination affinity reagent? 

adding a laser desorpt ion/ ionization agent 
to said isolated post-combination affinity 
reagent to form a~mass~spectrometric-mixture; 

mass spectrometrically analyzing said mass 
spectrometric mixture to produce a mass 



spectrum, said naas spectrun indioatlng whether 
fiaid specl»en contained any of said certain 
antigen species by exhibiting an antigen 
species nass spectronetric response located at 
the unique mass-to-charge ratio of each of said 
certain antigen species, said uss spectrun 
also having a macs spectroaetrio response for 
each of said internal reference species; and 

interpolating each said antigen species 
mass spectroaetric response to the internal 
reference species mass spectrometric response 
immediately above and below in magnitude of 
each of said antigen species mass spectrometric 
response to quantify each said certain antigen 
species in said specimen. 

The method of claim S further including the 
step of adding a disassociation agent to said 
isolated po6t<-combinatior. affinity reagent 
prior to said adding laser 
desorptlon/ionisation agent step. 

A method for determining whether a specimen 
contains any of one or more certain antibody 
species r comprising the steps of: 

capturing and isolating each of said 
certain antibody species from said specimen an 
affinity reagent having a specific affinity for 
a different one of said certain — antibody- 
species; and 

detecting the presence of any of said 
isolat d certain antibody species using mass 



spectrometry, to determine whether each said 
certain antibody species was present in said 
specimen. 

The method of claim 7, further comprising the 
steps of: 

immobilizing at least one antigen onto a 
solid sxibstrate to produce said affinity 
reagent ; 

combining an effective amount of said 
affinity reagent with said specimen to produce 
a post-combination affinity reagent and an 
unbound remainder; 

separating each said post-combination 
affinity reagent from each said unbound 
remainder to form an isolated post-combination 
affinity reagent; 

adding a laser desorption/ionization agent 
to each said isolated post-combination affinity 
reagent to form a mass spectrometric mixture 
therewith; and 

mass spectrometrically analyzing said mass 
spectrometric mixture to produce a mass 
spectrum indicating whether said specimen 
contained each said certain antibody species by 
exhibiting a mass spectral signal located at 
the unique mass-to-charge ratio of each said 
certain antibody species. 



The method of claim 8, wherein said antigen is 
an allergen. 

The method of claim 8, further including the 
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Step of adding a disassociation agent to each 
said Isolated poat-coabination affinity reagent 
prior to caid adding laser 
desorption/ioni2ation agent step. 

5 

11. The aethod of claim 10, wherein eaid antigen is 
an allergen. 

12 . A aethod for determining the aaount of a 
10 csrtain antibody present in a speciaen, 

coaprising the steps of: 

adding an internal reference speoies to 
said speciaen when said speciaen doss not 
already contain one; 

^5 capturing and isolating said certain 

antibody and said internal reference species 
froa said speciaen with an affinity reagent 
having e epeoific affinity for said certain 
antibody and said internal reference species r 

20 and 

g^iantifying said certain antibody using 
aass spectroaetrlic analysis of said isolated 
certain antibody and said internal reference 
species* 

25 

13. The aethod of claia 12, further coaprising the 
steps oft 

aaJcing at least one standard addition 

p reparat ion/ each containing a known 

^ 0 concentration of ~said— certain— antibody— or— a- 

counterpart of said certain antibody; 

dividing said sp ciaen to fora a first 
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10 



divided sample and at least one remainder 
sample ; 

adding a known amount of said certain 
antibody or said counterpart of said certain 
antibody to each said remainder sample to 
produce at least one addition-present sample 
wherein the increase in concentration of said 
added certain antibody or said counterpart is 
known ; 

immobilizing at least one affinant onto a 
solid substrate to produce said affinity 
reagent; 

combining an effective amount of said 
affinity reagent with said first divided sample 

15 to produce an addition-free post-combination 

affinity reagent and a first unbound remainders- 
separating said addition-free affinity 
reagent from said first unbound remainder to 
form an isolated addition-free post-combination 

20 affinity reagent; 

adding a laser desorption/ionization agent 
to said isolated addition-free post-combination 
affinity reagent to form an addition-free mass 
spectrometric mixture; 

25 mass spectrometrically analyzing said 
addition-free mass spectrometric mixture to 
produce an addition-free mass spectrxim having 
an internal reference species mass 
^ — spectrometr_ic_response at the unique mass-to- 

3 0 charge ratio of said internal reference 

species, and an addition-free antibody mass 
spectrometric response at the unique mass-t - 
charge ratio of said certain antibody present 
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in said specimen; 

combining an effective amoxint of said 
affinity reagent with each said addition- 
present samples each combination producing an 
addition-present post-combination affinity 
reagent and an unbound remainder; 

separating each • said addition-present 
post-combination affinity reagent from each 
said unbound remainder to form at least one 
isolated addition-present post-combination 
affinity reagent; 

adding a laser desorption/ionization agent 
to each of said isolated addition-present post- 
combination affinity reagent to form at least 
one addition-present mass spectrometric mixture 
therewith ; 

mass spectrometrically analyzing each said 
addition-present mass spectrometric mixture to 
produce an addition-present mass spectrum 
having an internal reference species mass 
spectrometric response located at the unique 
mass-to-charge ratio of said internal reference 
species, and an addition-present antibody mass 
spectrometric response located at the unique 
mass-to-charge ratio of said certain antibody;. 

normalizing each said addition-present 
antibody mass spectrum and each said addition- 
free antibody mass spectrum with the respective 
-said-,intemal reference s pecies to produce an 
addition-free normalized antibody mass 
spectrometric response for said addition-free 
sample/ and an addition-pr sent normalized 
antibody mass spectrometric resp nse for each 



said addition^present saunple; 

determining a set of changes between said 
addition-free normalized antibody mass 
spectrometric response and each said addition- 
present normalized antibody mass spectrometric 
response for said certain antibody species by 
subtracting said addition-free normalized 
antibody mass spectrometric response from each 
said addition-present normalized antibody mass 
spectrometric response for each of said 
addition-present sample; 

determining the relationship between said 
set of changes and each of the corresponding 
changes in concentration of said standard 
addition antibody in each said addition-present 
sample resulting from the addition of said 
standard addition antibody preparation; and 

quantifying said certain antibody detected 
in said specimen using said addition-free and 
addition-present normalized antibody mass 
spectrometric responses and said determined 
relationship. 

The method of claim 13 further including the 
steps of adding a disassociation agent to said 
isolated addition-free affinity reagent and 
each of said isolated post-combination 
addition-present affinity reagents prior to 
said-adding~laser_dejBorption/ ionization agent 
step. 

The method of claim 12, further including the 
steps of: 
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making a standard addition preparation, 
containing a known concentration of a standard 
addition antibody, said standard addition 
antibody being said certain antibody or a 
coxinterpart thereof; 

immobilizing at least one affinant onto a 
solid substrate to produce said affinity 
reagent ; 

combining an effective amount of said 
affinity reagent with- said specimen to produce 
an addition-free post-combination affinity 
reagent and a first unbound remainder, said 
first unbound remainder containing the majority 
of said certain antibody; 

separating said addition-free post- 
combination affinity reagent from said first 
unbound remainder to form an isolated addition- 
free post-combination affinity reagent; 

adding a laser desorption/ionization agent 
to said isolated addition-free post-combination 
affinity reagent to form an addition-free mass 
spectrometric mixture; 

mass spectrometrically analyzing said 
addition-free mass spectrometric mixture to 
produce an addition-free mass spectrum having 
an internal reference species mass 
spectrometric response located at the unique 
mass-to-charge ratio of said internal reference 
species, and an addition-free antibody mass 
spectrometric response at the unique mass-to- 
charge ratio of said certain antibody present 
in said specimen; 

adding a known quantity of said standard 
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15 



20 



25 



30 



addition pr*paratlon to aaid f lr»t unbound 
romalndcr aaaplo to produce an addltion-pra«ont 
firat unbound romindar saaple in which the 
ooncantration of .aid standard addition 
antibody or said eountarpart haa baan increaaad 
by a known aaount; 

coBbinlng an effactiva aaount of said 
affinity raagant with said addition-prasent 
first unbound ranaindar saaple to produce an 
addition-prasant post- coabinat ion affinity 
raagant and a second unbound reaaindar, aaid 
sacond unbound raaaindar containing tha 
aajority of said cartain antibody; 

■sparating said additlon-praaant post- 
coabination affinity raagant froa aaid second 
unbound raaalndsr to fora a isolated addition- 
prasent post-conbinatlon affinity reagent; 

adding a laser desorption/ionization agent 
to aaid leolated addition-present poat- 
eoabination affinity reagent to fora an 
addition-present aass spectroaetric aijrture 
therewith; 

»«S8 epectroaetrloally analyzing aaid 
addition-present aas> spectroaetrlo aixture to 
produce an addition-present aass spactrua 
having an internal referenoe species aass 
spectroaetric response located at the unique 
aass-to-charge ratio of said Internal reference 
species and an addition-present antibody aass 
speotroaetrio response at the aaee-^o-obarge 
ratio of said certain antlbe^ when said 
certain antibody is present In said spaciaen; 
noraalialng— each— said— additio n-present — 
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antibody mass spectrum and said addition-free 
antibody mass spectmm with the respective said 
internal reference species mass spectrometric 
response to produce an addition-free normalized 
5 antibody mass spectrometric response for the 

addition-free sample and an addition-present 
normalized antibody mass spectrometric response 
for each said addition-present sample; 

determining a set of changes between said 

10 addition-free normalized antibody mass 

spectrometric response and each said addition- 
present normalized antibody mass spectrometric 
response for said certain antibody by 
sxibtracting said addition-free normalized 

15 antibody mass spectrometric response from each 

said addition-present normalized antibody mass 
spectrometric response for said certain antigen 
in each said addition-present sfample; 

determining the relationship between said 

20 set of changes and each of the corresponding 

changes in concentration of standard addition 
in each said addition-present sample resulting 
from the addition of said standard addition 
antibody preparation; and 

25 quantifying said certain antibody detected 
in said specimen using said addition-free and 
addition-present normalized antibody mass 
spectrometric responses and said determined 
~~ relationship.- 

30 ^ 

16. The method of claim 15 further including the 
st p of adding a disassociation agent t said 
isolated addition-free post-combination 
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10 



IS 



20 



25 



30 



affinity r««gont, and each said isolated 
addltion-preaant post-cfflabination affinity 
raagant prier to aaid adding 
desorptlon/ienization agent step. 



laser 



Tha »ethod of claia 12, further conprising the 
steps of: 

iaraobilizing at least one affinant onto a 
solid substrate to produce said affinity 
reagent; 

eonbining an effective aaount of said 
affinity reagent with said speoisen to produoe 
a po6t-co«binatlon affinity reagent and an 
unbound reaainder; 

■eparating said post-coabination affinity 
reagent from said unbound remainder to for* an 
i-olated poBt-eo«a>lnation aftlnlty reagent; 

adding a laser desorption/ionization agent 
to said isolated post-oosblnation affinity 
reagent to fora a poet-oo«bination affinity 
reagent aass spectroaetric aixture; 

mass epectroaetrioally analysing said 
post-coabination affinity reagent aass 
spectroaetric alxture to produoe a post- 
coabination affinity reagent aass epectrua 
having a aas. spectroaetric response for said 
internal reference species located at the 
unique aass-to-obarge ratio of said internal 
reference species and a aass spectroaetric 
response for said certain antibody looated at 
-the_»aM-to:^eharg«_xmtlo_o^^ certain 
antibody and no ^^m~i^i^^^^i^^i^~^ii^^^j^^ 
corresponding to the aass-to-charge ratio of 



said certain antigen species when said specimen 
contains no detectable anoiint of said antibody 
species ; 

making a plurality of preparations 
containing a preparation antibody which is said 
certain antibody being quantified in said 
specimen or a coxinterpart thereof, wherein said 
preparation antibody concentration varies in 
known fashion between said preparations; 

adding sufficient said internal reference 
species to said preparations so that the 
concentration of said internal reference 
species is the same or is known for each of 
said preparations and said specimen; 

combining an effective amount of said 
affinity reagent with each of said preparations 
each combination to produce a post-combination 
preparation affinity reagent and an unbound 
preparation remainder; 

separating each said post-combination 
preparation affinity reagent from said unbound 
preparation remainder to form an isolated post- 
combination preparation affinity reagent; 

adding a laser desorption/ionization agent 
to each said isolated post-combination 
preparation affinity reagents to form a 
preparation mass spectrometric mixtures; 

mass spectrometrically analyzing each said 
pre paration mass spectrometric mixture, each 
mass spectrometric analysis to produce a 
preparation mass spectrum, each of said 
preparation mass spectra having a mass 
spectrometric r sponse for said internal 
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30 

19, 



f •renc« speclM located at the Maas-to-charga 
ratio of aald internal reference species and a 
XDass spectrosetric response for said 
preparation antibody located at the aass-to- 
5 charge ratio of said preparation antibody; 

norMlizing said specinen sass speetruv 
and each of eaid preparation aaea spectra to 
the mass spectronetrio responses obtained for 
each said internal reference species obtain a 
10 normalized certain antibody mass spectroaetrio 

response and normalized preparation antibody 
mass apectrometrio response; 

determining the mathematical relationship 
between said normalised preparation antibody 
15 mass speetrometric responses and said 

preparation antibody concentrations; 

locating a point on said mathematical 
relationship which appertains to said 
normalized certain antibody mass spectral 
^0 response; and 

determining the concentration that 
corresponds to said point, thereby quantifying 
said certain antibody. 

The method of claim 17 further including the 
etep of adding a disassooiation agent to said 
Isolated post-combination affinity reagent 
prior to said adding laser 
desozptlon/ionisation agent step. 

The method of claim 12, further Including the 
^eteps oft 

preparing a single referin^i — ia^ie — 
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containing a known concentration of a reference 
antibody, wherein said reference antibody is 
said certain antibody or a counterpart thereof; 

ixunobilizing at least one affinant on a 
solid substrate to produce said affinity 
reagent ; 

combining an effective amount of said 
affinity reagent with said specimen to produce 
a specimen post-combination affinity reagent 
and a first iinbound remainder; 

separating said specimen post-combination 
affinity reagent from said first unbound 
remainder to form a first isolated specimen 
post-combination affinity reagent; 

adding a laser desorption/ionization agent 
to said first isolated specimen post- 
combination affinity reagent to form a 
specimen mass spectrometric mixture; 

mass spectrometrically analyzing said 
specimen mass spectrometric mixture to produce 
a specimen mass spectrum having a mass 
spectrometric response for said certain 
antibody at the mass-to-charge ratio of said 
certain antibody, and also having a specimen 
internal reference species mass spectrometric 
response located at the mass-to-charge ratio of 
said internal reference species; 

combining an effective amount of said 
affinity reagent with said single reference 
-sample--to— produce— a — ^reference— sample— post-— 
combination affinity reagent and a second 
unbound remainder; 

separating said reference sample post- 
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conblnation affinity reagant froa said aaeond 
unbound raaaindar to form an Isolatad raferance 
sample poat-combination affinity reagant; 

adding a laaar daaorptien/ionisation agant 
5 to said isolatad rafaranca saapla pest- 

combination affinity raagent to form a single 
referanea sample mass apaetromatric mixture i 

aiass spactromatrically analyring said 
single raferanee aample mass spactromatrio 
mixture to produce a .ingle reference sample 
aass spectrum having a mass speetrometric 
response for said reference antibody located at 
the unique masa-to-cbarge ratio of said 
reference antibody, and a second internal 
reference species mass speetrometric response 
located at the mass-to-oharge ratio of said 
internal reference species i 

normalizing said specimen mass spectrum 
and said single reference sample mass spectrum 
20 using said first and second internal reference 

species maas speetrometric responses; and 

equating the ratio of the magnitudes of 
said certain antibody mass apeotrometrie 
response end said reference antibody mass 
'5 speetrometric response to the ratio of the 

known concentration of .aid counterpart 
antibody and the unknown concentration of said 
certain antibody to determine the concentration 
of said certain antibody. 

0 

The method of claim 19 further comprising the 

-step-of-adding-a-disassoaiation_agent_to_eaoh 

of said firat and aeoond isolated affinity 



20. 

( 



reagent prior to said adding laser 
desorption/ionization agent step. 

A method of simultaneously determining whether 
an antibody population contained in a specimen 
contains one or more certain antibody species, 
comprising the steps of: 

combining said specimen with a solid 
substrate having a non-specific affinity for 
antibodies to immobilize said antibody 
population onto said solid substrate and 
produce an affinity reagent; 

placing said affinity reagent into a 
preparation containing at least one known 
antigen, each said known antigen having a 
specific affinity for one of said certain 
antibodies to produce a post-combination 
affinity reagent and a screened preparation; 

separating said post-combination affinity 
reagent from said screened preparation to form 
an isolated post-combination affinity reagent; 

adding a laser desorption/ionization agent 
to said isolated post-combination affinity 
reagent to form a mass spectrometric mixture; 
and 

mass spectrometrically analyzing said mass 
spectrometric mixture to produce a mass 
spectrum, said mass spectrum indicating whether 
said— anti serum contained each of said certain 
antibody species by exhibiting a mass 
spectrometric response located at the unique 
mass-to-charge rati of the relevant said known 
antigen which has a specific affinity for that 



said certain antibody species. 

The method of claim 21 further including the 
step of adding a disassociation agent to said 
isolated post-combination affinity reagent 
prior to said adding laser 
desorption/ionization agent step. 

A method for determining how much of one or 
more certain antigens are present in a 
specimen, comprising the steps of: 

adding an internal reference species to 
said specimen where said specimen does not 
already contain one; 

capturing and isolating said certain 
antigen or antigens and said internal reference 
species from said specimen with an affinity 
reagent having a specific affinity for said 
certain antigen or antigens and said internal 
reference species; 

making at least one standard addition 
preparation, each containing a known 
concentration of each said certain antigen or a 
counterpart of said certain antigen species; 

dividing said specimen to form a first 
divided sample and at least one remainder 
sample; 

adding a known amount of each said certain 
antiqen__s pecies or said counterp art to each 
said remainder sample to produce at least one 
addition-present sample wherein the increase in 
concentration of each said added certain 
antig n or each said counterpart is known; 



immobilizing at least one antibody onto a solid 
substrate to produce said affinity reagent; 

combining an effective amount of said 
affinity reagent with said first divided sample 
to produce an addition-free post-combination 
affinity reagent and a first unbound remainder; 

separating said addition-free affinity 
reagent from said first unbound remainder to 
form an isolated addition-free post-combination 
affinity reagent; 

adding a laser desorpt ion/ ionization agent 
to said isolated addition-free post-combination 
affinity reagent to form an addition-free mass 
spectrometric mixture; 

mass spectrometrically analyzing said 
addition-free mass spectrometric mixture to 
produce an addition-free mass spectrum having 
an internal reference species mass 
spectrometric response at the \inique mass-to- 
charge ratio of said internal reference 
species, and an addition- free mass 
spectrometric response at the unique mass-to- 
charge ratio of each said certain antigen when 
said certain antigen is present in said 
specimen ; 

combining an effective amovint of said 
affinity reagent with each said addition- 
present sample each combining step producing an 
addition-present post-combination affinity 

reagent_and-an_unbound_remainder;___ 

separating each said addition present 
post-combination affinity reagent from each of 
said unbound remaind r to form at 1 ast one 



isolated addition^present post-combination 
affinity reagent; 

adding a laser desorpt ion/ ionization agent 
to each said isolated addition-present post- 
combination affinity reagent to form an 
addition-present mass spectrometric mixture 
therewith ; 

mass spectrometrically analyzing each said 
addition-present mass spectrometric mixture to 
produce an addition-present mass spectrum 
having an internal reference species mass 
spectrometric response located at the unique 
mass-to-charge ratio of said internal reference 
species, and an addition-present mass 
spectrometric response located at the unique 
mass-to-charge ratios of each said certain 
antigen; 

normalizing each said addition-present 
mass spectxrum and each said addition-free mass 
spectrum with the respected said internal 
reference species mass spectrometric response 
to produce an addition-free normalized antigen 
mass spectrometric response for the addition- 
free sample, and addition-present normalized 
mass spectrometric response for each said 
addition-present sample; 

determining a set of changes between said 
addition-free normalized antigen mass 
s pectrometric response and each said addition- 
present normalized antigen mass spectrometric 
response for each said certain antigen by 
subtracting said addition-free normalized 
antigen mass spectrometric response from each 



W 96/37777 



PCTAJS96/07522 



- 84 - 

said addition-present normalized antigen mass 
spectrometric response for each said certain 
antigen in each said addition*present sample; 
determining the relationship between said 
5 set of changes and each of the corresponding 

changes in concentration for each said standard 
addition antigen in each said addition-present 
sample resulting from the addition of said 
standard addition antigen preparation; and 
10 quantifying each said certain antigen 

detected in said specimen using said addition- 
free and addition-present normalized . mass 
spectrometric responses and said determined 
relationship. 

15 

24. The method of claim 23 further including the 
steps of adding a disassociation agent to said 
isolated addition-free affinity reagent and to 
each of said isolated addition-present affinity 

20 reagents prior to said adding laser 

desorption/iohization agent step. 

25. A method for determining how much of one or 
more certain antigens are present in a 

25 specimen, comprising the steps of: 

adding an internal reference species to 
said specimen where said specimen does not 
already contain one; 

capturing and isolating said certain 

30 antigen or antigens and said internal reference " 

species from said specimen with an affinity 
reagent having a specific affinity for said 
certain antigen or antigens and said internal 
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reference species; 

making a standard addition preparation, 
containing a known concentration of each said 
certain antigen or a counterpart thereof; 
5 immobilizing at least one antibody onto a 

solid substrate to produce said affinity 
reagent ; 

combining an effective euno\int of said 
affinity reagent with said specimen to produce 
an addition-free post-combination affinity 
reagent and a first unbo\ind remainder, said 
first unbound remainder containing the majority 
of each said certain antigen; 

separating said addition-free post- 
combination affinity reagent from said first 
unbound remainder to form an isolated addition- 
free post-combination affinity reagent; 

adding a laser desorption/ionization agent 
to said isolated addition^free post-combination 
affinity reagent to form an addition-free mass 
spectrometric mixture; 

mass spectrometrically analyzing said 
addition-free mass spectrometric mixture to 
produce an addition-free mass spectr\im having 
an internal reference species mass 
spectrometric response located at the xinique 
mass-to-charge ratio of said internal reference 
species, and an addition-free mass 
spectrometric response at the unique mass-to- 
charge ratio of each saTid — ^certain — antigen- 
present in said specimen; 

adding a known quantity of said standard 
addition pr paration to said first unbound 
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remainder to produce an addition-present first 
unboxind remainder in which the concentration of 
each said certain antigen or said counterpart 
has been increased by a known amount; 

combining an effective eunount of said 
affinity reagent with said addition-present 
first unbound remainder to produce a addition- 
present post-combination affinity reagent and a 
second unbound remainder, said second unbound 
remainder containing the majority of each said 
certain antigen or said counterpart; 

separating said addition-present post- 
combination affinity reagent from said second 
unbound remainder to form an isolated addition- 
present post-combination affinity reagent; 

adding a laser desorption/ionization agent 
to said isolated addition-present post- 
combination affinity reagent to form a 
addition-present mass spectrometric mixture; 

mass spectrometrically analyzing said 
addition-present mass spectrometric mixture to 
produce a addition-present mass spectnim having 
an internal reference species mass 
spectrometric response located at the unique 
mass-to-charge ratio of said internal reference 
species, and an addition-present mass 
spectrometric response at the unique mass-to- 
charge ratio of each said certain antigen when 

said — certain- — antigen is present in said 

specimen; 

normalizing each said addition-present 
antigen mass spectnm and each said addition- 
free mass spectrum with the r spective said 
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internal reference species mass spectrometric 
response to produce em addition-free normalized 
antigen mass spectrometric response for the 
addition-free sample and an addition-present 

5 normalized mass spectrometric response for each 

said addition-present sample; 

determining a set of changes between each 
said addition-free normalized antigen mass 
spectrometric response and each said addition- 

0 present normalized antigen mass spectrometric 

response for each said antigen by subtracting 
said addition-free normalized antigen mass 
spectrometric response from each said addition- 
present normalized antigen mass spectrometric 

5 response for each said antigen in each said 

addition-present sample; 

determining the relationship between each 
said set of changes and each of the 
corresponding changes in concentration of 

3 standard addition in each said addition-present 

sample resulting from the addition of said 
standard addition antigen preparation; and 

quantifying each said certain antigen 
detected in said specimen using said addition- 

5 free and addition-present normalized antigen 

mass spectrometric responses and said 
determined relationship. 

26. The method of claim 25 further including the 
) stpp of adding a disassociation agent to each 

said isolated addition-free post-combination 
affinity reagent, and to ach said isolat d 
addition-present post-combination affinity 
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